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FOREWORD

The work described in this report was performed by direc-
tion of Headquarters, US Army Munitions Command. The work was
started in March 1969 and completed in May 1969.

Reproduction of this document in whole or in part is pro-
hibited except with permission of the Commanding Officer, Edgewood
Arsenal, ATTN: SMUEA-TSTI-T, Edgewood Arsenal, Maryland 21010;
however, DDC is authorized to reproduce the document for United
States Government purposes.

The information in this document has not been cleared for
release to the general public.
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DIGES T

This report covers an investigation to compare the fire
hazards of untreated and preservative-treated wooden packing boxes
used for ammunition. Based on test results, it is concluded that:

' The water-repellent, wood-preservative treatment,
specified in MIL-B-2427D for application to wooden packing boxes
used for ammunition, does not increase the flammability of the wood.

Boxes constructed of ponderosa pine constitute more of a
fire hazard than boxes constructed of southern yellow pine.

The fire hazard of the packing boxes is dependent upon
the moisture content of the wood, and the water repellent part of the
treatment may keep the wood drier, lighter in weight, and somewhat
more flammable when subjected to intermittent rain showers.

Flammability of the boxes is also affected by the amount
of organic volatiles present, including the solvent of the preservative
solution until it finally evaporates, which occurs at a rate dependent
upon the temperature and amount of ventilation; however, during the

W,• treating process, the solvent of the preservative solution extracts some
of the naturally occurring volatiles in the wood, thus lowering the fire
hazard.

The fire hazard of the preservative-treated packing boxes
can be considerably reduced by applying an adequate thickness of
fire-retardant paint coating to the exterior surfaces.
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FIRE TESTS OF PRESERVATIVE -TREATED WOODEN
PACKING BOXES USED FOR 105-MM AMM~UNITION

I. INTRODUCTION.

iI

Shipping boxes and crates used for ammunito are usually
constructed of wood with no appreciable inherent resistance to decay
caused by fungi. Particularly during wartime, whien deterioration of
ammunition containers is extremely consequential, wooden boxes are
stored outdoors and are subject to fungal decay that is especially
rapid and serious in wet, tropical areas. For long-term resistance
to decay, high retention and good penetration of the wood by effective
chei-nicals, which can be achieved by pressure impregnations or long-
time soaks, are reqtxired. However, it was shown by Verra~ll that
wooden building materials, exposed above ground, could be adequately
protected against decay by short-time immersions in solutions of
fungicides. Wooden packing boxes used for ammannition are stored
outdoors above ground and their storage period is usually limited,
i. e. , years rather than decades. In order to determine whether short-
time immersions in fungicidal solutions would also protect from decay
boxes used for packing amnrnnition, a large-scale test was run on
boxes so treated arid exposed for 5 years in the Panamna Canal Zone
and l5 years in Mississippi and Wisconsin. 2,3,4 It was found that
several of the treating solutions, applied to the boxes as 3-minute dips,
markedly prolonged the service life of the wooden shipping containers.

Untreated wooden boxes used for ammunition were reported
to fail, because of fungal decay, in a little over a year when stored
outdoors in South Vietnam. Therefore, an additional requirement 5 for
wooden ammunition packing boxes was instituted that the boxes, or
shook, be completely immersed for 1 minute in a mineral spirits
solution 6 containing either 5 percent pentachlorophenol or 2 percent
(as copper) copper naphthenate. Since the pentachlorophenol solution
is lower in cost, almost all of the boxes that are supplied are treated
with that fungicide.

Recently, it was reported from South Vietnam that ammuni-
tion packing boxes that had been given the preservative treatment con-
stituted a greater fire hazard than the untreated boxes previously
procured. It was reported that, in ammunition dumps, piles of boxes
(containing ammunition) that had been preservative treated were more
easily ignited than thle untreated boxes. In a quick-and-dirty test of
pallets of empty boxes intentionally ignited by a propellant charge, the
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fire extinguished itself in the pile of untreated boxes; whereas, the
pallet of boxes that had been given the preservative treatment continued
to burn.

The possible causes for the greater flammability of the
preservative-treated boxes are discussed below:

It did not seem likely that the fungicide, pentachlorophenol,
would contribute to the fire hazard. Bruce 7 tested the effects of pre-
servative treatments on the flammability of oak and concluded that
pentachlorophenol and copper naphthenate would be expected to have
little or no important fire effect after all volatile solvent is gone.
Gooch and coworkers 8 concluded that, with oil-type preservatives,
pentachlorophenol reduces flame spread and contributes to the reduction
of the overall fire hazard. However, it also appeared possible that
residual solvent left in the wood boxes given the preservative treatment
could be responsible for the fire hazard. Paintability of wood that has
been treated with an oil preservative has been a problem because of
the residual solvent. Panek 9 pressure treated southern pine with penta-
chlorophenol-preservative solution made up in Stoddard solvent and
found 67 percent of the solvent remaining in the wood after 30 days
storage in an air-conditioned chamber with circulating air, and, 29 per-
cent remaining after 7 days in a kiln at 140°F with circulating air. In
both instances, there was too much residual solvent for an acceptably
paintable surface; however, the problem is not as severe with only a
short nonpressure immersion. Under controlled laboratory conditions,
the preservative solution used for treating boxes is required to leave
treated ponderosa pine with an acceptably paintable surface after drying
for 24 hours. Nevertheless, preservative-treated boxes have caused
bleeding of asphalt in the fiberboard tubes, used for packaging ammuni-
tion, that are placed in the wooden containers. Also, boxes that were
treated weeks earlier and stored in igloos showed evidence of residual
solvent by an oil-soluble-dye test. Thus, it appeared possible that
large amounts of boxes, from the time of treatment, could be stored
together in nonventilated or poorly ventilated locations, such as igloos
and holds of ships, and still retain amounts of solvent that could
increase the fire hazard. Further, another possible contributor to the
increased fire hazard could be the water-repellent ingredient of the
preservative solution which delays the moisture absorption of the wood.
When wet by rain, the boxes treated would remain drier and more
inflammable than untreated boxes, as the latter readily absorb liquid
water from their surfaces.

This report presents the results of an investigation of the
flammability of untreated and preservative-treated boxes. The purposes

8
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of the investigation were to determine, experimentally, the cause of
the increased flammability noted in Vietnam. Comparative burning
tests were run on ammunition packing boxes, obtained from production
lines, which had been preservative treated and that had not been so
treated. Also, some supplementary fire tests were run on wooden
sticks.

TI. TEST METHODS.

Since there was no known standard technique for compara-
tively evaluating the flammability of wooden packing boxes, a method
was developed for use in the test fields at Edgewood Arsenal. The
stacking was based upon the Crib method1 s that usually employs 24
wood specimens, each 3 by 1/2 by 1/2 inches, but was scaled up to the
use of 10 boxes, each about 35 by 10 by 6 inches.

In each test, boxes to be compared were tested sirnulta-
neously under conditions that were as identical as possible. The boxes
were arranged in groups of 10 each in a configuration considered most
conducive to the propagation of burning; the ignition source was
standardized (i. e., fixed in design and capacity); and a shelter was
provided to minimize the effects of wind. Further, to eliminate any
possible bias because of the location of the shelters and inadvertent
differences in the construction of the shelter or ignition source, dupli-
cate testing was generally performed in which the types of boxes in
each shelter for one test were reversed in the succeeding test.

Details of the box stacking arrangement and the supporting
test equipment follows:

A. Stack Configuration. '

The 10 boxes of the type specified for a particular test were
arranged in five levels, with the first level 11 inches above the ground,
resting on cement blocks and bricks as shown in figure 1. At each level,
there were two boxes, set parallel to each other, back to back (i.e. ,
hinge to hinge), and 6 inches apart. Each higher level was perpendicular
to the one on which it rested. Thus, in vertical projection, there was
a 6- by 6-inch square in the center of the stack. The boxes in this

configuration were set up in the center of the shelter.

B. Ignition Source.

The ignition source, as depicted in figure 2, consisted of
eight propane-burning Pittsburgh -Universal burners (Fisher Scientific

9
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FigureC 1. Stack 4BxsPositioned for Burning Test
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No. 3-962P) conforming to Federal Specification GG-B-817. The
burners were arranged in two parallel rows of four each with center
lines 8 inches apart. The burners were tied into a manifold and fed
with propane at a rate of 6. 5 liters per minute; the burner nozzles
were kept wide open and the collars for controlling the air supply
adjusted so that only the very tip of the flame was yellow. The flow
of gas was timed and controlled from outside the shelter by a cock
in the line connecting the manifold and the regulated propane tank.
Before being ignited, the ignition source was placed centrally under
the stack of boxes with the top of the burners 1-3/8 inches below the
bottom of the stack and 1 inch in from the inner edges of the bottom
boxe s.

C. Shelters.

Two shelters were provided to reduce the effects of wind
on both the steadiness of the ignition flame and burning conditions.
As shown in figure 3, the shelters were 15 feet apart and were similarly
oriented, facing 530 from true north. The shelters were 12 by 12 by 8
feet and constructed of sheet metal supported by 2- by 4-inch wood
framing. Doors were provided for entry and egress, and heat-resistant-
glass windows for the motion-picture cameras used to record the action
within the shelter. During the first test in this series, it was found
that wind eddies within the shelter disturbed the ignition flame. To
reduce this disturbance in subsequent tests, transite baffles were used
on three sides around the base of each stack; the fourth side was left
open so as not to obstruct the view of the camera.

Essentially, the test procedure employed preparatory to
and during field testing involved the following steps:

Step 1. Test boxes were serialized with a code letter
(prefix) to designate the box type and sequential numbering. Boxes to
be conditioned prior to field testing were subjected to steps 2, 3, and 4,
below. Those to be tested, in the "as-received" condition (i. e., without
any pretest conditioning) were directly subjected to step 5.

Step 2. Each box in the group to be conditioned was weighed
to the nearest 5 grams and its moisture content determined by two
separate readings with a moisture meter (Weston Moisture Meter,
Model 8009, Type A, Weston Electrical Instrument Corp., Newark, New
Jersey). Where the two readings from one box differed widely, two
additional moisture determinations were made on the same unit.

12
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Step. Designated boxes were conditioned, such as
adjusting moisture content, dipping in a preservative solution, or
coating with a paint.

Step 4. As soon as practicable after step 3, the weight
of each box was redetermined. (In some instances, this step was
omitted since it provided no useful information over that which could
be derived from step 5.)

Step . Immediately before instituting step 6, below, the
weight and moisture content of boxes were determined in the manner
described in step 2, above. In addition, from each odd-numbered box,
a sample (circular segment) of wood weighing between 100 to 130 grams
was cut from the lid. The samples were forwarded to the laboratory
for estimation of solvent content or of moisture content when the value

was too low to be read by the meter.

Step. Ten boxes, constituting a single test group, were
set up over the ignition source in a shelter in the described stack con-
figuration. The boxes, constituting the group with which the first was
to be compared, were similarly set up in the other shelter.

Step . Simultaneously the ignition sources in both shelters
were ignited and, with the propane flow controlled from outside the
shelter, permitted to burn for exactly 2. 0 minutes. (In trials 1 and 2,
and in trials where conflagration was achieved in less than 2. 0 minutes,
the ignition time differed from that specified.) The activities within
each shelter were monitored by test personnel with stop watches and
photographically documented by motion pictures taken at 12 frames per
second to reduce the reviewing time. The times from the start of flame
application to the ignition of the different levels of boxes and to confla-
gration (i. e., the ignition of both boxes on the topmost level, figure 4)
were determined. Where burning did not propagate after the removal

of the ignition source, the time to the cessation of flame was recorded,
again with time being taken from the start of flame application. Other
data recorded included the ambient temperature and relative humidity
and the prevailing windspeed and direction.

Steý8. The test was terminated when conflagration was
achieved. If conflagration were not achieved, step 7 was repeated up to
three additional times. If this failed to result in a conflagration, the

.,boxes were then removed from the shelter for redetermination of weight
and moisture content to provide some indication of any damage caused by
the successive exposures to flame. (In several instances, instead of
terminating the test after four ignition attempts, the boxes were restacked
in reverse order, and step 7 was repeated.)

14
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III. DESCRIPTION OF BOXES.

The boxes used for the test were taken from regular produc-
tion runs intended to comply with Military Specification for Boxes,
Ammunition Packing; Wood, Nailed. 5 The specific boxes are known as
Box, Packing, Ammunition, for 105-mm Howitzer Ammunition in Fiber
Container, M105A2. The inside dimensions are 32 by 10-3/8 by
5-1/4 inches and the approximate overall outside dimensions are
37-1/4 by 12 by 8 inches. As may be seen in figure 1, the boxes have
hinge and hasp hardware, polypropylene rope handles, two exterior
vertical cleats on each end, and three cover cleats. Also, the boxes
have double-end construction.

Three groups of boxes were used for the burn tests. They
are designated A, C, and F. A boxes are primarily of ponderosa pine;
the shook had been dipped for 1 minute in the TT-W-572 preservative
solution (pentachlorophenol type), and the boxes were fabricated by the
Commander Box Co., Texarkana, Texas, in March 1969. C boxes are
primarily of engelmann spruce; they were not given any preservative
treatment by the supplier; they were fabricated by the Bennett Box Co.,
Texarkana, Texas, and the boxes are stamped as fabricated in April
1969. F boxes are primarily of southern yellow pine; the boxes had been
immersed for about 1 minute in the TT-W-572 preservative solution
(pentachlorophenol type); the boxes were fabricated by the Miller Box Co.,
Tuscaloosa, Alabama, and they were stamped as being fabricated in
March 1969. Besides the primary wood species of construction, boards
and cleats of other wood species were present in some of the boxes,
especially in group C.

IV. RESULTS AND DISCUSSION.

The data for each burning test are given in appendix A: date
and time; meteorological conditions; type of box; average weight and
moisture content of the 10 boxes just prior to burning; number of ignition
attempts; number of minutes for boxes at each level to start burning;
and remarks where required.

In appendix B, for each test, aie the weights of each indi-
vidual box and moisture content prior to burning. Also listed are the
weights of each box where changes may have been produced by any
conditioning such as wetting, drying, application of preservative, or
application of fire retardant. In a few of the tests where conflagration
did not occur, weights of each box after burning are also shown.

The data generated by these tests were analyzed by two basic
methods. The first was to compare the frequency of one type of box

16
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being found less flammable than another during simultaneous testing.
The second method was to compare the flammability ratings of the
different types of boxes. This rating is defined as the reciprocal of
time in minutes, multiplied by 100, required for the 10-box stack to be
in conflagration; the higher the number, the more flammable the boxes.
Associated with this rating is a negative parenthetical number which
indicates the number of previous attempts to ignite the stack by the

A 2-minute application of flame from the ignition source. If conflagration
were not achieved, the validity of the flammability rating is in doubt,
since the rating can be biased by the number of attempts to ignite the
stack. However, the rating does provide an inter-test evaluation, as
compared to the direct comparison method which is dependent upon
essentially concurrent testing of the box types under consideration.

A. As-Received Boxes.

1. Results.

Ten tests (No. 1,2,3,4,5,6,9, 10,19, and 20) were run to
compare the flammability of the boxes as they were received from the
supplier.

The pertinent results of the 10 tests performed with stacks
of as-received boxes are summarized in tables I and II. By use of the
comparison method, it was found that the Code F (treated southern
yellow pine) boxes were consistently less flammable than either the
Code A (treated ponderosa pine) or Code C (untreated spruce) boxes,
and that the Code A and Code C did not differ in flammability; i. e.,
instances of Code A boxes being less flammable than Code C boxes were
equal to that of Code C boxes being less flammable than Code A boxes.
The second method of analysis provided flammability ratings which also
indicated that Code F boxes were the least flammable, and that Code A
boxes were only slightly more flammable than the Code C.

As-received boxes were also used in tests (No. 7, 8, 17, 18,
21, 22, 23, 24, 26, 27, 30, 31, 32, 33, 34, 35, and 36) to compare these boxes
with boxes conditioned in the manner described in subsequent section
of this report. If the data obtained in these tests are pooled with the
results presented in table II, the flammability ratings for as-received
boxes, based on the total test effort, are as indicated in table III, and
the same conclusions regarding the relative flammability of the three
types of boxes tested remains the same.

2. Discussion.

Unfortunately, the untreated boxes, which were mainly con-
structed of spruce, were of a different wood than the treated boxes, and

17



Table I. Comparative Flammability of As-Received Boxes

Test Cde Conflagration timey- Flammability1  Flammable4

number Trial number rating More Less
1 f 3

min
C X C
A 18.0 C/ A

A 4.7 A
C 3.0 C

3 C X 6.0 17(-l) C
F X X X 0(-Z) F

4 F X 0 F
C 4.5 22 C

5 A 4.2 Z4 A
F X X X 0(-2) F

6 F X Z0.0 5(-l) F
A X 8.5 12(-i) A

9 C 3.9 26 C
A X X 3.0 33(-2) A

10 A X 3.0 33(-l) A
C X 6.'0 17(-l) C

19 A 2.0 50 A
F 8.3 13 F

20 F X 4.5 22(-l) F
A 2.5 40 A

/A = treated ponderosa pine; C untreated engelmann spruce; and
F = treated southern yellow pine.

SX denotes the flame self-extinguished after the withdrawal of the
ignition source.

. In tests 1 and Z, the ignition source was applied for 5. 0 minutes
instead of 2. 0 minutes as in all subsequent tests. Therefore,
the data were not used in obtaining flammability ratings.

18



Table II. Flammability Rating in Tests for As-Received Boxes

oyNumber Average

of tests rating

Shook-treated ponderosa pine (Code A) 6 32 (-0. 5)

ntreated spruce (Code C) 4 21 (-0. 5)

Box-treated southern yellow pine (Code F) 6 7 (-1.0)

Table III. Flammability Rating for As-Received Boxes in All Tests

Box type Number Average
of te sts rating

Shook-treated ponderosa pine (Code A) 13 38 (-0.3)

Untreated spruce (Code C) 10 21 (-0. 5)

Box-treated southern yellow pine (Code F) 10 6 (-1.1)

so a direct comparison for flammability could not be made of preser-
vative-treated and untreated boxes of the same wood species. As the

treatment did not appear to have any effect on flammability, it was
possible to compare this characteristic of the three types of wood used
to construct the boxes. As shown by the results of table III, the boxes
made of southern yellow pine were considerably less flammable than

those made of either ponderosa pine or engelmann 3pruce. Based on
the average weights of the boxes (9. 08 kg for A; 9. 57 kg for C; and
11.99 kg for F), the ratios of specific gravities of the southern yellow

pine to spruce to ponderosa pine were 1. 32:1.05:1.00. Recently, the

19
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ponderosa pine has been favored for packing boxes over the southern
yellow pine because of its weight saving advantage. The flammability
of the boxes is in the inverse order to the specific gravities; i.e., the
ponderosa pine being slightly more flammable than the spruce and
considerably more flammable than the southern yellow pine. The same
relationship between specific gravity and flammability has been
determined"1 by fire-tube tests for 17 wood species as shown in figure 5.
Denser southern yellow pine may possess additional fire-retarding
properties beyond that due to specific gravity as the point in figure 5,
for the southern yellow pine, is well below the points of the other denser
wood species. Apparently, the increase in flammability for less dense
wood also holds for various specific gravities of the same wood species,
as is shown in figure 6, where fire-tube results12 are plotted against
specific gravity for southern yellow pine.

B. Effects of Moisture Content.

1. Results.

Boxes were conditioned under moist and dry environments
preparatory to burning tests for rating and comparing the flammability
of the three types of boxes at different moisture contents. To increase
the moisture content, the boxes were conditioned by being water sprayed
hourly and then stored overnight (i.e., until test time) to achieve
equilibrium in a chamber maintained at l13°F and 85 percent RH. To
reduce the moisture content, the boxes were stored at least 1 day in a
low-humidity chamber maintained at 155 F. When atacked for the
burning trials, the boxes had reverted to ambient temperature.

The results of the burning trials are shown in table IV and
are summarized in table V.

2. Discussion.

The well-known effects of water content upon the flamma-
bility of wood were markedly demonstrated in the burning test of the
ammunition packing boxes. Boxes that contained over 18 percent
moisture were difficult to ignite and burned comparatively slowly.
These boxes apparently resisted ignition until the heat source effectively
reduced the moistdre content in the vicinity of the flame, after which
the spread of burning was progressively more rapid. However, boxes
with leas than 6 percent moisture were readily ignited and the stack was
quickly engulfed in flames. Data fromn fire-tube tests 1 3 of southern
yellow pine demonstrating the moisture-burning relationship are shown
in figure 7.

20
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Table IV. Comparative Flammability of Moist and Dry Boxes

Test Codes' Moisture Corflagration time Flammability
number- content .Trial number rating

Z 3 4

mirnn
11 A 17.4 X 7.5 13(-l)

F 21.9 X X X 0(-2)

12 F 23,5 X X X X 0(-3)
C 20.8 X X X X o(-3)

13 C 20.5 X X X X 0(-3)
A 19.3 X X X 12.1 8(-3)

14 F 4.3 2.0 50
C 3.4 1.0 100

15 A 2.1 1.3 77
F 2. 6 3.0 33

16 C 4.0 1.2 83
A 2.5 1.3 77

,/ A = treated ponderosa pine; C = untreated engelmann spruce;
and F = t reated southern yellow pine.

j•/ X denotes the flame self-extinguished after the withdrawal of
the ignition source.

Z
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Table V. Summary of Flammability Ratings for Boxes
at Three Conditions of Wetness•/

Code-4 Ratings under condition
Moist Ambient Dry

A ll(-2.0) 38(-0 3) 77

C 0(-3.0) Z'l(-0. 5) 92

F 0(-2. 5) 6(-l. 1) 42

SMoist and dry data from table IV with two trials for each
type of box; ambient data from table III.

SA = treated ponderosa pine; C = untreated engelmann
spruce; and F = treated southern yellow pine
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Figure 7. Effect of Moisture Ccntent in Fire-Tube Tests of
Southern Yellow Pine Wood

Data from McNaughton, G. C., and VanKleeck, A. Fire Test Methods
Used in Research at the Forest Products Laboratory, Forest Products
Laboratory, Madison, Wisconsin, No. R1443, Table I (January 1944).
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The water-repellent part of the TT-W-572 preservative
mixture keeps treated boxes drier when they are exposed to inter-
mittent rain showers, as can be seen from figure 8, which shows the
moisture content readings taken on boxes that were treated using
solutions with, or withou, a water repellent and then exposed for
20 months in Mississippi . Interior boxes of a pile tend to stay wetter
than boxes of outside tiers. Lower moisture contents of the wood are
also reflected in lighter-weight boxes. It does seem likely that, under
some circumstances, water-repellent treated boxes would be more
flammable than untreated boxes, stored under identical conditions,
because of their lower-moisture content.

In climates that have distinct dry and rainy seasons, such
as monsoon areas, the flammability of boxes would vary at different
times of the year, the fire hazard being considerably greater during
the dry season. The fire hazard of ammunition packing boxes stored
in South Vietnam should be highest from January to March and be
significantly reduced from May to December, with some variation
depending upon the exact location. The driest month, rainiest months,
and annual rainfall for an averae year at various locations in South
Vietnam are shown in figure 9.

SC. Effects of Residual-Preservative Solvent.

1. Results.

A number of tests were run with attempts made to insure
the presence of residual solvent when the boxes were being ignited.ii ~. This was accomplished by having the boxes dipped in preservative
solutions locally, shortly before testing. The preconditioning treat-
ments were varied in succeeding tests to exaggerate conditions and

1' demonstrate more vividly the effects of residual solvent on the
"flammability of boxes.

In tests No. 7 and 8, Code C boxes were dipped in Wood-
life* and permitted to air dry for 3 days before being comparatively
tested with as-received Code C boxes. The preservative treatment
was carried out by the Edgewood Arsenal Industrial Operations
Division, following normal procedures for treating wooden packing
boxes fabricated locally. The results of the burning trials, included
in table VI, provided no positive indication of the solvent's contribution
to flammability.

*Woodlife Meeting Federal Specification TT-W-572, Type II, Compo-sition A (pentachlorophenol, 4. 2 percent; other chlorophenols,0.8 percent; inerts 95 percent), product of US Plywood Division of
Champion Paper Inc; New York. ' .
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Exposure was in Mississippi and the fungicide was pentachlorophenol.
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Table VI. Comparative Flammability of Freshly-Treated Boxes

Test Conflagration time Flammability
number Code Preconditioning Trial number rating

11 2 3 4

miin

7 C As-received 15.0 7
C Woodlife X X X 2.3 C 43(-3)

8 C Woodlife 2.1 48
C As-received X X 14.5 7(-2)

17 A As-received 7.0 14
C Woodlife 3. 3 30

18 C Woodlife 1. 8 56
(unventilated)

A As-received 2.0 50

24 C Woodtox 3.4 29
C As-received X 2.9 34(-I)

25 C Woodlife 2.2 45
C Woodtox 2.6 38

26 C As-received 2. 9 34
C Woodtox 3.0 33

33 A As-received 1.8 56
F Woodlife X 3. 5 29(-1)

34 F Woodlife 4.1 24
A As-received 2. 3 43

35 F As-received X X X X9 0(-3)
F Woodtox X X X X0(-3)

36 F Woodtox X X X X 0(-3)

F As-received X 14.3 6(-4)

./ A = treated ponderosa pine; C = untreated engelmann spruce; and F =
treated southern yellow pine.

ibJ X denotes the flame self-extinguished after the withdrawal of the ignition
source.

rj For this trial, boxes were rearranged, revising their order on the test
stack. Thus, an alternate flammability rating for this condition is 0(-2).

/ The order of the boxes in the stack were reversed on the following day,
and both stacks burned after two additional ignition attempts.
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To expedite testing and to provide the utmost control over
the dip treatment of boxes, test personnel of Field Evaluation Division
performed this operation for all tests subsequent to tests No. 7 and 8
requiring this preconditioning. In all'instances, the boxes were com-
pletely immersed in the treating solution for 3. 0 minutes.

In tests No. 17 and 18, Code C boxes dipped in Woodlife
were removed to an unventilated chamber while still wet with preser-
vative solution and stored there for 2 days. These boxes were
comparatively tested with as-received Code A boxes shortly after
being removed from the chamber. The freshly-dipped Code C boxes
were found to be only slightly more flammable than the as-received
Code A boxes. The difference in average flammability ratings of
43 and 32 is not considered to have any practical significance.

Since boxes preconditioned with Woodlife showed no particular
difference in flammability because of residual solvent, additional tests
were run to determine whether similar results would be obtained with
another commercial preservative solution, Woodtox. * Distillation
"ranges of the solvents in the two preservative solutions are shown in
figure 10. In tests No. 24, 25, 26, 33g 34, 35, and 36 boxes treated with
Woodlife were comparatively tested with as-received boxes or boxes
conditioned with Woodtox. The results of this effort are also included
in table VI. Again, the tests produced no evidence of any meaningful
difference in the flammability of preservative-treated and untreated
wood boxes.

2. Discussion.

Although there were no indications of the preservative
treatment appreciably increasing the flammability of packing boxes
for ammunition, the presence _ large amounts of residual solvent
could present a fire hazard. In laboratory tests that used sticks of
wood immersed for 3 minutes in the wood-preservative, water-repellent
solution, the wood was easily ignited because of residual solvent when
the solvent was allowed to evaporate for only a short time. Typical
data are presented in table VII, which shows the maximum amount of
time the wood could be held in a flame and be self-extinguishing upon
removal from the flame. The treated wood was more easily ignited
after 13 hours of heating than the untreated wood, but this was due to
moisture driven off during the oven drying.

V Woodtox - Water R1pTXe'nt and Wood Preservative No. 140 - Ready
,to Use, Meeting Federal Specification TT-W-572 (pentachlorophenol
4.5 percent; related compounds 0.5 percent; mineral spirits S. 05
percent; inert 9. 95 percent; product of Wood Treating Chemical Co.,t.Louis, Mo.
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Table VII. Flame Exposure Time for Preservative-Treated Wood
(6 by 1 by 1 inch) Samples to Achieve Sustained Burning

Drying time Flame

at 60 0 C time

hours sec

0.25 <0.5
0.50 <0.5
2.50 2.0 - 2.5

13.0 3.0
Untreated wood 4.25

Most of the solvent evaporates during the early drying
period, but then the evaporation rate decreases. Higher temperatures
increase the evaporation rate. Some typical solvent evaporation
rates are shown in figure 11 for preservative-treated wooden sticks
that were placed in well ventilated locations after treatment.

The boxes that had been preservative treated by suppliers,
groups A and F, appeared to be free of residual solvent when received;
i. e. , the oil soluble dye test ("Penta-tration") in section 4.4.6 of
Military Specifications MIL-B-2427D 5 did not give any indications
that residual solvent was present. The tests of freshly-dipped C boxes
were inconclusive as to the effects of residual solvent on burning, and
there were no indications of pronounced changes in either ease of
ignition or burning rates because of the solvent that would be retained
by the boxes.

Attempts were made during the test to determine the amounts
of solvent still retained by the wood at the time of the burning. The
pieces of lids that were removed from the boxes just prior to the
burning test were sealed in. mylar-polyethylene bags and forwarded
to the laboratory. A sample of 25 to 50 grams of wood, made up of
pieces from the five lids of a burning test, was subjected to a vacuum
distillation, and tha distillate, mostly water, was collected in cold
traps. The volatile organic portion of the distillate was extracted
with methylene chloride and a fraction injected into a gas chromato-
graph. The area under the peaks was used as a quantitative measure
of the amount of organic volatiles present, based on a chromatogramr
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of a known amount of the solvent that is used in the preservative
solution. The results are shown in table VIII. The analytical
method determined residual solvent and the very volatile fractionsnormally present in the wood. The volatile ingredients of wood are

also inflammable and would contribute to a fire.

Only pieces of lids were used for the analysis, as the
pieces cut out did not contain any exposed end grain, only minimal
absorption of solvent could be expected. Therefore, the amounts
of solvent determined by analysis are much lower than the amounts
determined by weight, which include the entire box with its various
exposed end-grain surfaces.

The highest amounts of organic volatiles distilled from
the wood were obtained from the untreated spruce. The dip -treated
wood, except for the sample with highest pickups, retained less
volatile fractions. It appears that the treating solution dissolves out
some of the volatile portions of the wood. This is to be expected, as
one of the methods1 5 for analyzing for oils, etc., in wood is an
extraction method using a solvent, such as petroleum ether. As-
received F boxes, which had been treated by the manufacturer, had
extremely low volatile organic contents. Dip-treating these boxes
for this test did increase the retained volatiles, and the flammability
of the retreated F boxes consequently increased. None of the A boxes
were redipped. It does appear, therefore, that the flammability of
wooden boxes is dependent upon the total amount of volatile organic
materials that are present; that the solvent temporarily contributes
to the fire hazard sufficient evaporation occurs; and that the treatment

tends to extract some of the naturally occurring organic volatiles, ¶
thereby, decreasing flammability after the solvent has evaporated.

D. Effects of Fire-Retardant Additives.

Fire-retardant-treated wood is available, produced by
impregnating water solutions of chemicals into wood under pressure.
Brush, dip, or immersion treatments usually do not obtain the
necessary retentions, but full-cell pressure treatments are generally
used with dry salt retentions o, at least 2-1/2 lb/cu ft and minimum
penetrations 1/2 inch in depth. Most of the salts used to produce
fire-retardant wood are water soluble and, therefore, are leached

when exposed to rainfall. Gooch and coworkers had shown that
triaryl phosphates, in conjunction with the pentachlorophenol, were
an effective fire-retarding treatment for wood trestles treated with
oil-type preservatives. With this as a basis, a few burning tests

S See appendix C for details of method.
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Table VIII. Residual Solvent and Very Volatile Natur.al Constituents
of Wood Samples From Boxes

Type of From box weightsb/ By analysis of F
box~' Solvent Residual lid sample rating nurpickup solvent Total volatiles rating number

C Not dip-treated 0. 69 33 26-1
C Not dip-treated 0.72 40(-l) 24-2
C 2.5 1.5 0.48 38 25-2
C 4.4 2.9 0, 69 31 24-1
C 3.3 1.9 0.16 46 25-1
C 3.9 1.9 0.15 35 26-2
F Not dip-treated 0.05 -- No. F-25c-!
F Not dip-treated 0,02 No. F-31l-/
F Not dip-treated 0.05 0(-3) 35-1
F Not dip-treated 0.07 0(-3) 36-2
F 1.9 0.9 0.28 29(-l) 33-2
F 1.8 0.7 0.29 25 34-i
F 2.2 o.6 0.48 0(-3) 35-2
F 2.1 _d 0.22 6(-1) 36-1
A Not dip-treated 0. 32 50 32-2
A Not dip-treated 0.28 55 33-1

SA = treated ponderosa pine; C = untreated engelmann spruce; and F =
treated southern yellow pine.

SCorrected for nonvolatile portion of treating solutions.

&' Single boxes; not used for burning test.

Not determined because of moisture change.
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were performed to establish the feasibility of adding fire-retardant
phosphates by a simple spray or dip procedure as a way of mitigating
the flammability of wood in the form of packing boxes.

1. Results.

In test No. 23, the flammability oi untreated spruce
(Code C) boxes was compared with that cf spruce boxes which had

been sprayed with a mixture of approximately 30 percent TCP
(tricresyl phosphates) in hexane and then permitted to air dry for
5 days. The flammability of Code C boxes dipped 3 minutes in Woodtox
was compared with identical boxes dipped 3 minutes in a 25 percent
(v/v) solution of TCP in Woodtox (25. 8 percent T'CP on a weight basis,
by analysis); both treatments were applied 1 and 2 d&ys before ignition
was attempted in tests No. 27 and 28, respectively. I'n'-tests No. 29
and 30, the flammability of as-received treated southern" y'low pine
(Code F) boxes was compared to that of Code F boxes which ha be-ena_
sprayed 2 days earlier with a 50 percent (v/v) solution of TCP in
perchloroethylene. Tests No. 31 and 32 were duplicates of the latter
two, except that the basic box was the treated ponderosa pine (Code A)
type. The results of these tests, given in table IX, indicate the
ineffectiveness of the TCP as applied. Boxes dipped for 3 minutes in
the preservative solution, containing 23. 8 percent TCP were less flarn-
mable than those dipped in the same preservative solution less TCP, but
the fire retardance was not sufficient to consider it an effective
treatment.

2. Discussion.

The wet pickup of the preservative solution with added
TCP was 3. 7 percent, and the phosphorus content of the wood was,
therefore, about 0. 1 percent or only one-tenth the amount required
for an effective treatment according to the studies of Gooch. a Spray-
ing solutions of 50 percent tricresyl phosphate, about double the con-
centration of the immersion, gave one-third the add-on of immersion
and a phosphorus content of the wooden boxes of 0. 07 percent.

As discussed in the next section, better results were
obtained with fire-retardant paints. The fire-retardant paints
contained about 25 percent polymeric phosphate, which is 32 percent
phosphorus. When applied at the manufacturer's recommended rate
of 100 sq ft/gal to the boxes, each having an outside surface of about
10 sq ft, produced a box with 0. 4 percent phosphorus with -ll of the
phosphorus in the exterior coating.
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Table IX, Comparative Flammability of TCP-Treated Boxes

TestConflagratioon timneb-j Flammnability
Te st Codea/ ..numnbe r Preconditioning Trial number rating

1 2 13 4

min

23 C As-received 4.9 20

C TCP and hexane 2. 5 40
spray

27 C Woodtox dip 2.4 42
C Woodtox and TCP X 2. 7 37(-l)

dip

28 C Woodtox and TCP X 3.3 30(-I)
dip

C Woodtox dip 2.0 50

29 F As-received X 13.7 7(-l)
F TCP and Perchlor X X 14.0 7( -2)

spray

30 F TCP and Perchlor 16.7 6
spray

F As-received 14.5 7

31 A As-received 2.1 48
A TCP' and Perchlor 8.7 11

sp ray

32 A TCP and Perchlor 2. 6 38
spray

A As-received 2.0 50

a/ A = treated ponderosa pine; C untreated engelmann spruce; and F =

treated southern yellow pine.

SX denotes the flame self-extinguished after the withdrawal of the
ignition source.
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E. Effects of Flame-Retardant Paints.

1. Results.

R A number of commercial fire-retardant paints, two of
which conformed to military specifications, were obtained and
tested. These included the following:

a. Flame Shield, Series 76, Latex Type, Intumescent
Fire Retardant Coating. M. A. Bruder & Sons, Inc., Philadelphia,
Pa. (used in test No. 21).

b. Flame Shield, Series 38, Solvent Type, Inturnescent
Fire Retardant Coating. M. A. B ruder & Sons, Inc., Philadelphia,
Pa. (used in test No. 22).

c. PC Fire Retardant Paint White (Emulsion Type)
No. 2688 (with inturnescent properties). The Martin Senour Co.,
Chicago, Ill. (used in tests No. 37, 38, 39, and 40).

d. Bru-tect II, Catalyzed Epoxy Coating, Part A
(300 white and 306 green) and Part B (317 Catalyst). Bruning Paint
Co., rnc., Baltimore, Md, (used in tests No. 37 and 38).

e. Fire Retardant Paint, MIL-P-52024B,1 8 Lot ODX34087,
M. Buten & Sons, Inc., Philadelphia, Pa. (used in tests No. 41, 42,
and 43).

f. Ocean Flame Retardant Paint No. 477, Flaymbar
2-Component Paint (Epoxy intumescent paint conforming to MIL -C-
46081). 19 Ocean Chem.cals, Inc., Niagara Falls, N. Y. (used in
test No. 44).

The above products were applied to boxes by roller and

brush as a single or double coat. After the paint was considered
dry, the burning trials were initiated. The results obtained are
summarized in table X and discussed below.

In test No. 21, the latex-type flame shield was applied
7 days before the burning trials. The paint coverage on the 10 spruce

S~boxes was approximately 100 sq ft/gal as recommended by the manu-

facturer. The coated boxes were tested concurrently with as-received
spruce boxes that burned readily on the first trial. To ascertain that
the shelter did not contribute to the observed difference in burning
characteristics, the coated boxes were removed to the shelter, which
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Table X. Comparative Flammability of Boxes Painted With Flame-Retardant Coatings

Tt Conflagration time Flammabilitya Code-- Moisture P reconditioning
number Trial number rating

1 2 3 4

min

21 C 8.8 Flame Shield, X X X X 0(-3)
latex type

C 11.9 As-received 4.0 25

22 A 9.0 As-received 2.2 45
A 8.4 Flame Shield, X 36. 3(-l)

solvent type

37 A <7 Flame-retardant X X X X 0(-3)
paint (emulsion
type)

A 7.2 Bru-tect 11 1. 3 78

38 A 8.4 Bru-tect II 1.0 100
A <7 Flame-retardant X X X X 0(-3)

paint (emulsion
type)

39 C 7.9 Flame-retardant X X X X 0(-3)
paint (emulsion
type)

A 14.9 Moistened X X X X 0(-3)

40 A 11. 3 Moistened 10.3 10
C -7 Flame-retardant X X X X 0(-3)

"paint (emulsion
type)

41 A 8.1 Two coats MIL- X X X X 0(-3)
P-25024B paint

F 16.4 Moistened X X X X 0(-3)

42 F 18.4 Moistened X X 15.3 7(-2)
A 8.5 Two coats MIL- X X X X 0(-3)

P-52024B paint

43 A 8.5 One coat MIL- 2.1 48
P-52024B paint

A 9.7 One coat MIL- 2.2 45
P-52024B paint

44 C 9.4 One coat MIL- X X X X 0(-3)
C-46081 paint

C 8.6 Two coats MIL- X X X X 0(-3)
C-46081 paint

A/ A = treated ponderosa pine; C = untreated engelmann spruce; and F = treated
southern yellow pine.

• X denotes the flame self-extinguished after the withdrawal of the ignition
aource.
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earlier held the untreated boxes, where they were set up in the
reverse order. Four additional attempts failed to ignite the stack;
the boxes were protected by the thermal barrier formed by the
intumescent coating (figure 12).

Test No. 22 directly paralleled test No. 21 except for the
use of the solvent-type flame shield and treated ponderosa pine
(Code A) boxes. The flame-retardant properties of the solvent-type
paint were considerably inferior to that of the latex intumnescent

paint.

In tests No. 37, 38, 39, and 40, an emulsion-type,
intumescent, flame-retardant paint was used, which was believed to
be very similar to the latex-type flame shield used In test No. 21
but formulated by a different manufacturer. The burning trials with
this paint were performed 2 days after it was applied to untreated
spruce and treated ponderosa pine boxes. To hasten the drying of
the paint and at the same time increase the susceptability of the wood
to burning, the coated boxes were stored overnight at 155 0 F. Never-
theless, the boxes resisted burning and the flammability of the boxes
in all tests was rated 0(-3). Subsequent to these trials, attempts were
made to burn these boxes by increasing the heat source. It was found
that the protection afforded by the intumescent paint could be defeated
by (1) replacing the bottom two boxes of the stack with more flammable
boxes capable of being ignited by the test ignition source, and (2) placing
and igniting 50 grams or more of napalm between the bottom and second
level of boxes on the stack.

The epoxy paint, Bru-tect II, against which the intum-
escent paint was compared in tests No. 37 and 38 was not purported
to be flame retardant to a substrate but to be itself flame resistant.
The epoxy-coated boxes that had been dried overnight at 155°F burned
as rapidly as unpainted dry boxes. The moistened boxes against which
the intume scent paint was compared in tests No. 39 and 40 fared con-
siderably better than did the nonfire-retardant epoxy-painted boxes.

In tests No. 41, 42, and 43, the efficacy of MIL-P-52024B 18

flame-retardant paint was investigated. In the first two of these tests,
the flammability rating of treated ponderosa pine boxes with two coats
of this flame-retardant paint was compared with that of moistened
treated southern yellow pine boxes. The coated boxes had the second
coat applied 4 days after the first coat and was burn-tested 3 days
later. The painted boxes were top rated at 0(-3), whereas the un-
painted boxes with an average moisture content of about 17 percent
had an average flammability rating of 3. 5 (-2. 5). As a result of the
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V

successful performance of the double coat of MIL-P-52024B paint, test
No. 43 was run with boxes to which a single coat of this paint was applied.
The burning trials carried out 6 days after the boxes were painted indi-
cated that the single coat with an average flamnmability rating of 47 was

j totally ineffective. Since this demonstrated 'he importance of paint
thickness, painted-wood samples were forwarded to the laboratory where
measurements were taken microscopically using a filar eyepiece and
macroscopically using fine wire as a gage. The readings by both
techniques were averaged. The average and standard deviation for the
double coat was 2. 7 mils and 0. 6 mil, respectively, whereas the values
for the single coat were 1,3 mils and 0.3 mils, respectively.

The final test was run with spruce boxes with one and two
coats of MIL-C-460320 epoxy-intumescent paint. The first coat was
applied 6 days before the burning trials, and the double coated boxes
received the second coat 5 days before the burning trials. Each coat
was applied with an estimated coverage of 140 sq ft/gal. Stacks of single
and double coa:tted boxes were tested simultaneously. The test stacks
resisted four attempts at ignition, both, thereby, earning the flamrna-
bility rating of 0(-3). To gain as much information as possible from this
test, the order of the boxes on each stack was reversed and the test was
repeated, with virtually identical results being obtained. As in test
No. 37 to 40, attempts were then made to defeat the protection afforded
by this intumescent coating by increasing the intensity of the heat source.
The bottom-level boxes of each stack were replaced by boxes known to be
quite flammable; in this instant, boxes painted with Bru-tect IL. The heat
contributed by the flammable boxes caused boxes with one coat of MIL-
C-46081 paint to achieve conflagration within 2 minutes, whereas, the
double coated boxes resisted ignition on the first attempt but achieved
conflagration in 7. 8 minutes of the second attempt.

2. Discussion.

The three principal fire-retardant paint coatings tested as
coatings on boxes were the intumescent latex, the intumescent epoxy, 7
and the nonintumescent alkyd paint. Intumescent (heat-swelling) paints
contain an ammonium based catalyst, usually a phosphate, a carbon
source, and a blowing agent. The latex emulsion paint that was used in
tests No. 37, 38, 39, and 40 had, according to the can label, the follow-

ing composition:
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Composition by Weight

Percent

Titanium dioxide 7

Esters 2

Alcohols 2

Mineral spirits 2

Pentaerythritol 7

*Polymeric phosphate 25

Chlorinated paraffin 4

Melamine resin 7

Synthetic latex solids 11

Water 33

The paint contained ammonium polyphosphate as the catalyst, penta-
erythritol as the source of carbon, and melamine and chlorinated paraffin
as the blowing agents. A single coating was used for the boxes, but from
the results of a laboratory crib test, which are shown in figure 13, two
coats are far superior. The latex intumescent paint is recommended by
the manufacturer only for interior surfaces, but sticks coated with paint
and exposed for 50 hours in the weatherometer, operating with continuous
simulated sunshine and 18 minutes of water spray each 2 hours, did not
show a decrease in fire retardance when tested in the laboratory.

The nonintum2scent paint, used in box-burning tests No. 41,
42, and 43, is intended for use on packing crates where fire retardance

18is needed, and the MCi.-P-52024 specification requires a chlorinated
dibasic acid-alkyd resin vehicle and antimony trioxide as part of the
pigment. It was found, by analysis of the paint (see appendix D) that
had been used for the burning test of the packing boxes, that the paint
did not conform to the composition requirements of the specification, as
it did not contain chlorendic acid in the vehicle, and antimony trioxide
was absent from the pigment. The paint did, however, pass the fire-
retardance test, having a burn index of 27, and the specification require-
ment is for a maximum of 48. A single coating of the paint, about 1. 3
mils thick, did not confer any fire retardance to the painted boxes, but

* Polymeric nitrogeneous phosphate
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two coats, about 2. 7 mils, gave a marked reduction in fire hazard. The
MIL-P-52024B paint should withstand outdoor exposure as the specifica-
tion has requirements for 18 months' outdoor weathering and 72 hours'
accelerated weathering.

A sample of paint, according to specification MIL-P-52024B,
was obtained from another supplier, one whose product had been
previously tested and found to comply, and this was tested, but in the
laboratory only, and found to be superior in fire retardance to the sample
that had been used on the boxes. The data obtained are shown in table XI.

The epoxy intumescent paint, although intended as an insulating
19coating for metals, gave excellent fire protection to the boxes when two

coats were brushed on the exterior surface. The specifEcation for the
coating material, MIL-C-46081, has a requirement that coated-steel
panels resist 336 hours of accelerated weathering. Laboratory tests,
results of which are shown in table XI, indicate that one coat of the
intumescent epoxy bestows fire retardance when applied to wood and two
coats are superior to two coats of the MIL-P-52024B paint.

Table XI. Results of Laboratory Fire Tests of Painted Southern Yellow Pine•

Paint Number of Ignition Weight loss Time to 50% Residualafter weight wih
specifications coats timeb after w h weight

3 minutes lo~ss

min 070 -.mn m/o

Uncoated - 0.25 33 4.0 9

MIL-P-52024B 2 0.50 3 8.9 5
but not conform-
ing to all
requirements

MIL-P-52024B 2 1.0 1 99
MIL-P-52024B 2 1. 75 1. 5 16.3 28

MIL-C-46081 1 3.5 5 -- 56
MIL-C-46081 Z 4.0 0.5 -- 97

SA crib of 12 sticks, each 6 inches by 5/8 by 5/8 inch, and a Fisher burner

flame source were used.

Flame was applied in repeated 15-second periods except for MIL-C-46081
coated samples (single-coated sample; ten, 15-second and one, 1-minute
flaming periods; double-coated samples; eight, 15-second and one, 2-minute
flaming periods).
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V. CONCLUSIONS.

The water-repellent, wood-preservative treatment, specified
in MIL-B-2427D, for application to wooden packing boxes used for
ammunition, does not increase the flammability of the wood.

Boxes constructed of ponderosa pine constitute more of a
"fire hazard than boxes constructed of southern yellow pine.

The fire hazard of the packing boxes is dependent upon the 4
moisture content of the wood, and the water repellent part of the treatment
may keep the wood drier, lighter in weight, and somewhat more flammable
when subject to intermittent rain showers.

Flammability of the boxes is also affected by the amount of
organic volatiles present, including the solvent of the preservative
solution until it finally evaporates, which occurs at a rate dependent
upon the temperature and amount of ventilation; however, during the
treating process, the solvent of the preservative solution extracts some
of the naturally occurring volatiles in the wood, thus lowering the fire
hazard.

The fire hazard of the preservative-treated packing boxes
can be considerably reduced by applying an adequate thickness of fire-
retardant paint coating to the exterior surfaces.

VI. RECOMMENDATIONS.

A. As an interim measure, the exterior surfaces of packing
boxes should be coated with at least 3 mils of a paint complying with
MIL-P-52024B, after the TT-W-572 preservative solution has been
added and the solvent permitted to evaporate. Stenciling should be done
after the paint has dried.

B. There should be developed a practical combined treatment
that can be applied to packing boxes, or shook, and will afford both decay
resistance and fire retardance. I
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APPENDIX A

FIRE-TEST DATA

Test No.: 1 Date: 3/27/69 Time 0920
320

Avera, wind velocity, kno!s: 12_ Wind direction,18 42

Maximum wind velocity, knots: Air temperature, *F: _ _

Minimum wind vek city, knots: Relative humidity, %:

Shelter No.: - ..C Untreated spruce
Type of boxes: Code! - Deacriptiow:

Conditioning: As received

Average moisture content,%: 13.5 Average weight, kg: 9.834

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4
'• 5.0

Duration of flame source, min: 50 !_

Time to cessation of flame, -nin: S+*_

Time to conflagration, min: _ __

Time to reach 2nd level, min:

Time to reach 3rd level, m:in:

Time to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: Description: Shook-treated ponderosa pine

Conditioning: As received

Average moisture content, %: 11.4 Average weight, kg:
i• ~Not determined

Residual solvent and volatiles: N

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 5.0 _

Time to cessation of flame, min:

Time to eonflagration, min: 18.0 __

Time to reach 2nd level, min:

Time to reach 3rd level, min: 16.5

Time to reach 4th level, min: 17.5

Time to reach 5th level, mrin: 18.0

Remarks:

• Precise time was not determined; however, all flame was extinguished by 6 min.
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Test No,: 2 3/27/69 1052- Date: -Time 15

Average wind velocity, knots: 6 Wind direction, • : 310
Maximum wind velocity, knots: 14 Air temperature, "F: 45
Minimum wind velocity, knots: - 2 Relative humidity, %: 41

Shelter No.:1

Type of boxes: Code: - A Description: Shook-treated ponderosa pine

Conditioning: As received

Average moisture content,%: 11.3 Average weight, kg: - --
* Residual solvent and volatiles: - Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4
Duration of flame source, min: 4.7

Time to cessation of flame, m:in:

Time to conflagration, min: 4.7

Time to reach 2nd level, min: 3.3

Time to reach 3rd level, min: 
_-_-._

Time to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce

Conditioning: As received

Average moisture content, %: 12.5 Average weight, kg: - 9.485

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4
Duration of flame source,* min: _- .0

Time to cessation of flame, min:

Time to conflagration, mrin: 3.0

Time to reach 2nd level, min: --

Time to reach 3rd level, min:

Time to reach 4th level, min: -_

Time to reach 5th level, min: --
_ ---

Remarks:

Appendix A
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Test No.: 3 Date: 3/27/69 Time 1308

Average wind velocity, knots: - 0 Wind direction, • 290

Maximum wind velocity, knots: 17 Air temperature, "F:

Minimum wind velocity, knots: Relative humidity, %:

Shelter No.: 1

Type of boxes: Code: C Description: Untreated sorue

Conditioning: As received

Average moisturo. content,%: 13.8 Average weight, kg: 9,626

Residual solvent and volatiles: - Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min-: 2.0 _0
S, 2.3Time to cessation of flame, min:

Time to conflagration, min: 6.0
Time to reach 2nd level, min: 3-5

Time to reach 3rd level, min: _3.8

Time to reach 4th level, min:

Time to reach 5th level, mrin:

Shelter No. 2

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: As received

Average moisture content, %: 12.1 Average weight, kg: 12.060
• ~Not determined"

Residual solvent and volatiles:

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source,'min: .0 ,2.0 2.0

Time to cessation of flame, min: 2.0 2.0 4.8

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min: ------

Remarks:
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Test No.: 4 Date: - 3/27/69 Time 1607

Average wind velocity, knots: - -8 Wind direction, ' 300

Maximum wind velocity, knots: 12 - Air temperature, *F:

Minimum wind velocity, knots: 2 Relative humidity, %: 32

Shelter No.: -

Type of boxes: Code: F Description: southee-II---° .

Conditioning: As received

Average moisture content,%: 11.9 • Average weight, kg- 12.247

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, mrin: .0

Time to cessation of flame, min: 8.2*

Time to conflagration, mrin:

Time to reach 2nd level, min:

Time to reach 3rd level, min:
Time to reach 4th level, rain:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce

Conditioning: As received

Average moisture content, %: 13.0 Average weight, kg: 9.693

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 4.5

Time to reach 2nd level, min: 1.,

Time to reach 3rd level, min: 1-9

Time to reach 4th level, min:

Time to reach 5th level, min:

Remarks:

• Sap from 2nd level falling on a bottom box sustained burning; burning of the bottom box

on which no sap fell ceased within 3.5 minutes.
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Test No.: Date: 3/28/69 Time 0900
:•4 240

Average wind velocity, knots: Wind direction, •-

Maximum wind velocity, knots: 7 Air temperature, .F: 45

Minimum wind velocity, knots: I Relative humidity, %: 39

Shelter No,: I

Type of boxes: Code: A Description: Shook-treated ponderosa pine__

Conditioning: As received __ _ _"

Average moisture content,%: , Average weight, kg: 9.270

Residual solvent and volatiles: -Nt determined ,

Trial No. I Trial No. 2 Trial No. 3 Trial N,). 4
2.0Duration of flame source, m:in:

Time to cessation of flame, mrin:

Time to conflagration, min: 4.2
Time to reach 2nd level, min: 1.0

Time to reach 3rd level, min:
Time to reach 4th level, min: 2,5

Time to reach 5th level, min: 4.0.-

Shelter No. 2

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: As received

"Average moisture content, %: 12.7 Average weight, kg: 12.160

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2,0 2.0 i

Time to cessation of flame, mrin: 4.4 3.4 4.0 _ _

Time to conflagration, min:-

Time to reach 2nd level, min: -

Time to reach. 3rd level, min:-

Time to reach 4th level, min: "

Time to reach 5th level, mm: - ------

Remarks:
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S6 3/28/69 1 112
Test No.: Date: Time
Average wind velocity, knots: 8 Wind direction, 200

Maximum wind velocity, knots: 12 Air temperature, *F:

Minimum wind velocity, knots: 1 Relative humidity, %:

Shelter No.: 1

Type of boxes: Code: F Description: Treated southern yellow Dine

Conditioning: As received

Average moisture content,%: 10.6 Average weight, kg: 12.404

Residual solvent and volatiles: Not determined

Trial No..1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0

Time to cessation of flame, min: 3.9

Time to conflagration, min: 20.0

Time to reach 2nd level, min: 2.0

Time to reach 3rd level, min: I 1.0
Time to reach 4th level, min: 15.0 _

Time to reach 5th level, min: 19.0 _

Shelter No.

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: As received

Average moisture content, %: 10.4 Average weight, kg: 9.067

* r Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

2.0 2.0 ___ ___Duration of flame source, min: 2

Time to cessation of flame, min: 3.4

Time to conflagration, min: - 8.5

Time to reach 2nd level, min: 1.0 1,8

Time to reach 3rd level, min: 1.7 7.7

Time to reach 4th level, min: 8.1

Time to reach 5th level, min: ------ 8.3

Remarks:
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Test No.: Date: 3/28/69 Time 1520
14__ 190Average wind velocity, knots: 14 Wind direction,

Maximum wind velocity, knots: 21 Air temperature, "F:

Minimum wind velocity, knots: 2 Relative humidity, %: 29
Shelter No.: 1

Type of boxes: Code: C Description: Untreated sprue

Conditioning: As received

Average moisture content,%: 13.0 Average weight, kg: 9.810

Residual solvent and volatiles: Not dtgermined

DTrial No. 1 Trial No. 2 Trial No. 3 Trial No. 4
,,2.0 _ _ _!Duration of flame -,ource, rain:2.

Time to cessation of flame, min:

Time to conflagration, min: 15.0
Time to reach 2nd level, min: 1 3

Time to reach 3rd level, min : 13.0

Time to reach 4th level, mrin: 14.0.._L
Time to reach 5th level, min: _I 4.,5

Shelter No.

Type of boxes: Code: Description: Untreated spruce
SConditioning: Box-dipped in Woodlife (3/25) and air dried

Average moisture content, %: 11 0 Average weight, kg: 9.428

Residual solvent and volatiles: Not determined

"" Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4*

Duration of flame source,min: 2.0 2.0 2.0 2.0

"Time to cessation of flame, min: 3.0 3.0 2.0

Time to conflagration, min: 2.3

Time to reach 2nd level, min: 1.2

Time to reach 3rd level, min:
Time to reach 4th level, min:

Time to reach 5th level, mrin: -----

Remarks:

* For this trial, boxes were rearranged revising their order on the test stack. "
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Test No.: 8 Date: 3/28/69 Time 1625

Average wind velocity, knots: ] ] Wind direction, : • 9o

Maximum wind velocity, knots: 19 Air temperature, 'F: 53

Minimum wind velocity, knots: Relative humidity, %: 29

Shelter No.: 1

Type of boxes: Code: C Description: Untreated spruce

Conditioning: Box-dipped in Woodlife (3/25) and air dried

Average moisture conment,%: 12.0 Average weight, kg: 9.538

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.1
Time to reach 2nd level, mrin: 1.1

Time to reach 3rd level, min: 1.6

Time to reach 4th level, rain:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: Description: Untreated spruce
i As received

Conditioning:

Average moisture content, %: 13.1 Average weight, kg: 9.978

Residual solvent and volatiles: 2'4ot determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, mim: 2.0 2.0 2.0

Time to cessation of flane, min: 2.4 2.7
Time to conflagration, min: 14.5

Time to reach 2nd level, min: 3.0

Time to reach 3rd level, min: 8.0-

Time to reach 4th level, min: 13.0

Time to reach 5th level, min: 14.5

Remarks:
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Test No.: Date: 3/29/69 Time 0815
Average wind velocity, knots: 10 Wind direction, ' 210

Maximum wind velocity, knots: 17 Air temperature, "F:

Mini'num wind velocity, knots: Relative humidity, %: 64

Shelter No.: 1
Type of boxes: Code: Descriptio Untreated spruce

As received
Conditioning:

Average moisture content,%: 14.2 Average weight, kg: 9,792

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

OF Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 3.8

Time to reach 2nd level, min: 1.2

Time to reach 3rd level, min: 1.8

Time to reach 4th level, min: 2.8

Time to reach 5th level, mill:

Shelter No. 2

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: As received

Average moisture content, %: 10.3 Average weight, kg: 9.002

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0

Time to cessation of flame, min: 3.8 2.3

Time to conflagration, min: 3.0

Time to reach 2nd level, min: 1.5

Time to reach 3rd level, mrin: 18

Time to reach 5th level, min: 2.0

Remarks:
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Test No.: 10 Date: 3/29/69 Time 0840

Average wind velocity, knots: 11 Wind direction, : 200

Maxinmum wind velocity, knots: 18 Air temperature, 'F: 51

Minimum wind velocity, knots: 3 Relative humidity,%: 6

Shelter No.: 1

Type of boxes. Code: A Description: Shook.treated ponderosa pine

Conditioning: As received

Average moisture content,%: 10.0 Average weight, kg: 9.057

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2n

Time to cessation of flame, min: -,

Time to conflagration, min: .. O.
1.5 1.7

Time to reach 2nd level, min:

Time to reach 3rd level, min: 2-

Time to reach 4th level, min: 2,8

Time to reach 5th level, min: 2.9

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce

Conditioning: As received

Average moisture content, %: 13.3 Average weight, kg: 9,77- 3

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0

Time to cessation of flame, min: 5.0 _

Time to conflagration, min: 6.0

Time to reach 2nd level, min: 1.6

Timc to reach 3rd level, min: 4.5

Time to reach 4th level, min: 5.3

Time to reach 5th level, min:

Remarks:
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'rest No.: - I Date: 3/29/69 Time 0925

Average wind velocity, knots: 5 Wind direction, __'_190

Maximum wind velocity, knots: 14 Air temperature, •F:

Minimum wind velocity, knots: 2 Relative humidity, %: 55

Shelter No.: 1

Type of boes: Code: A Desfip~ion . Shook.treated ponderosa pine

Conditioning: Water sprayed and stored overnight at I13OF and 85% RH

Average moisture content,%: - 17.4 Average weight, kg: 9.271

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0

'rime to cessation of flame, min: 4.9

Time to conflagration, min: - 7.5

Time to reach 2nd level, min: 1 ,1.5 -

Time to reach 3rd level, min: -,

Time to reach 4th level, min: 6.6

Time to reach 5th lewI, min: .

Shelter No. 2

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: Water sprayed and stored overnight at 113 F and 85% RH

Average moisture content, %: 21.9 Average weight, kg: - 2.4 . _. 0

Residual solvent and volattles: Not determined

Trial No.1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0

'rime to cessation of flame, min: 2.0 2.1 3.0

Time to conflagration, min: _

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min: - -_-_-_-_-

Remarks:
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Test No.: a2 Date: 3/29/69 Time - 1100

Average wind velocity, knots: 10 Wind direction, ° 200

Maximum wind velocity, knots: 18 Air temperature, -F: 62

Minimum wind velocity, knots: - 3 Relative humidity, %: 40

Shelter No.: 1

Type of boxes: Code: F Description: Treated -outhern yellow pine

Conditioning: - 'Water sprayed and stored overniaht at 1 13OF and 85% RH

Average moisture content,%: 23.5 Avetage weight, kg: - 12.31.

Residual solvent and volatiles: Not determined_

Trial No. I Trial No. 2 Trial No, 3 Trial No. 4

Duration of flame source, min: 4.0 2.0 2.0 2.0

Time to cessation of flame, min: 2.0 2.5 2.6 7.3

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, rmin;

Time to reach 4th level, min:

'rime to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: C Description Untreated spruce

Conditioning: Water sprayed and stored overnight at 1130F and 85% RH

Average moisture content, %: 20.8 Average weight, kg: 10,130

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, mrin: 2.0 2.0 -2.0 20

Time to cessation of flame, min: 2.0 2.3 2.6 2.2

Time to conflagration, min:

Time to reach 2nd level, min: -

Time to reach 3rd level, mrin:

Time to reach 4th level, min::

Time to reach 5th level, mini: - --

Remarks:
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Test No.: 13 Date: 3/29/69 Time 1320

Average wind velocity, knots: 8 Wind direction, 220

Maximum wind velocity, knots: 1 - Air temperature, *F: 64

Minimum wind velocity, knots: Relative humidity, %: 42

Shelter No.:

Type of boxes; Code: C Description: Untreated spruce

Conditioning: Water sprayed and stored overnight at 113 0 F and 85% RH

Average moisture content ,%: 20.5 Average weight, kg: 10.230

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 2.3 5.7 3.5 2-3

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min: 2.0

Time to reach 4th level, min:

Time to reach 5th level, min: _-

Shelter No. 2

Type of boxes: Code: A Description: - Shook-treated ponderosa pine

Conditioning: Water sprayed and stored overnight at 113 0 F and 85% RH

Average moisture content, %: 19.3 Average weight, kg: - 9.586

Residual solvent and volatiles- Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 2.5 7.5 2.3

Time to conflagration, min: 12.1

Time to reach 2nd level, min: 1.8 1.3 - 3.0

Time to reach 3rd level, min: 2.0 - 10.5

Time to reach 4th level, min: 11.5

Time to reach 5th level, min: --_-_-_-_-11.9

Remarks:
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Test No.: 14 Date: 3/29/69 Time 1447

Average wind velocity, knots: Wind direction, 220

Maximum wind velocity, knots: 13 Air temperature, *F: 65

Minimum wind velocity, knots: 2 Relative humidity, ': 32

Shelter No.: 1

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: Dried 1 day at 155 0F and low humidity
Average moisture content,%. 4.3* Average weight, kg: 10.480

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.0

Time to reach 2nd level, min: 1.0

Time to reach 3rd level, min: 1,3

Time to reach 4th level, rain: 1.6

Time to reach 5th level, min: 1.9

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce

Conditioning: Dried 1 day at 155 0 F and low humidity

Average moisture content, %: 3.4* Average weight, kg: 8.665

Residual solvent and volatiles: Not determined

Trial Nc. I Trial No. 2 Trial No. 3 Trial No. 4
1.0 _____ _

Duration of flame source, min:

Time to cessation of flame, mrin:

Time to conflagration, min: 1.0

Time to reach 2nd level, min: 0.4

Time to reach 3rd level, miin: 0.6

Time to reach 4th level, min: 0.8

Time to reach 5th level, min: 0.9

Remarks:
* Below scale on moisture meter, determined by oven drying.
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Test No.: 15 Date: 3/29/69 Time 1540

Average wind velocity, knots: - i Wind direction, 290

Maximum wind velocity, knots: 9 Air temperature, -F: A A

Minimum wind velocity, knots: 1 Relative humidity, %: 33

Shelter No.: 1

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: Dried 1 day at 155OF and low humidity

Average moisture content,'k: 2.1 * Average weight, kg: 8.414

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 1.3

Time to cessation of flame, min:

Time to conflagration, min: 1.3

Time to reach 2nd level, min: 0.5

Time to reach 3rd level, min: 0.8

Time to reach 4th level, min: 0.9

Time to reach 5th level, mrin: --

Shelter No. 2

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: Dried 1 day at 155OF and low humidity
2.6 * 10.509

Average moisture content, %: Average weight, kg:

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, mint: 1.5

Time to cessation of flame, min:

Time to conflagration, min:

Time to reach 2nd level, min: .3 __

Time to reach 3rd level, min: 2.3

Time to reach 4th level, min: 2.6

Time to reach 5th level, min:_

Remarks:
* Below scale on moisture meter, determined by oven drying.
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Test No.: 16 Date: 3/29/69 Time 1635
11 340

Average wind velocity, knots: Wind direction, 340
16 63______

Maximum wind velocity, knots:-16 Air temperature, -F: 63

Minimum wind velocity, knots: 4 Relative humidity, 5o:

Shelter No.:

Type of boxes: Code: C Description: Untreated spruce

Conditioning: Dried 1 day at 155°F and low humidity

Average moisture content,%: 4.0* Average weight, kg: 8.902

Residudl solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 1.2

Time to cessation of flame, rmin:

Time to conflagration, min: 1.2

Tim. to reach 2nd level, min: 0.6

Time to reach 3rd level, min: 0.8

Time to reach 4th level, min: 0.9

Time to reach 5th level, m,: 1.0

Shelter No. 2

Type of boxes: Code: A Description: Treated ponderosa pine

Conditioning: Dried 1 day at 155OF and low humidity

Average moisture content, %: 2 .5 * Average weight, kg: 8.580

Residual solvent and volatiles: Not dcltermined

Trial No. 1 Trial No. 2 rrial No. 3 Trial No. 4

Duration of flame source,mn 1.3mi
Time to cessation of flame, mrin:

Time to conflagration, mrin: 1.3

Time to reach 2nd level, min.: 0.6

Time to reach 3rd level, min: Q.9
Time to reach 4th level, main: .
Time to reach 5th level, mrin: _1_____

Remarks:
* Below scale on moisture meter, determined by oven drying.
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Test No.: 17 Date: 3/30/69 Time 0840

Average wind velocity, knots: 6 Wind direction, * 360

Maximum wind velocity, knots: 10 Air temperature, -F: 41

Minimum wind velocity, knots: Relative humidity, %:

Shelter No.: 1

Type of boxes: Code: - A Description: Shook-treated ponderosa pine

Conditioning: As received

Average moisture content,%: 8.9 Average weight, kg: 9.029

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:
7.0

Time to conflagration, min:

Time to reach 2nd level, min: 1.8

Time to reach 3rd level, min: 5.0

Time to reach 4th level, mrin: 6.5

Time to reach 5th level,ri: 7.0min

Shelter No. 2

C Untreated spruce
Type of boxes: Code: Description:
Conditioning: Box-dipped in Woodlife (3/28) and stored in unventilated chamber

Average moisture content, %: - 123 Average weight, kg: 10.160

Residual solvent and volatiles: Definite presence of solvents by dye test

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 _

Time to cessation of flame, min: -_

Time to conflagration, nin: 3.3
1.3

Time to reach 2nd level, min:

Time to reach 3rd level, min: 2.0

Time to reach 4th level, min: 2.8

Time to reach 5th level, min:

Remarks:
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Test No.: 18 Date: 3/30/69 Time 0945

Average wind velocity, knots: 4 Wind direction, : 340

Maximum wind velocity, knots: 7 Air temperature, *F: 40

Minimum wind velocity, knots: 0 Relative humidity, %: 37

Shelter No.: 1

Type of boxes: Code: C Description: Untreated spruce

Conditioning: Box-dipped in Woodlife (3/28) and stored in unventilated chamber

Average moisture content ,%: 11.7 Average weight, kg: 10.011

Residual solvent and volatiles: Definite presence of residual solvent by dye test

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 1.8

Time to cessation of flame, min:

Time to conflagration, min: 1.8
Time to reach 2nd level, mrin: 0,6

Time to reach 3rd level, min: 1.,

Time to reach 4th level, min: 5

Time to reach 5th level, min: 1.8

Shelter No. 2

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: As received

Average moisture content, %: 11.7 Average weight, kg: 8.966

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.0

Time to reach 2nd level, min: 1.2

Time to reach 3rd level, mrin: 1.5

Time to reach 4th level, min: 1.7

Time to reach 5th level, min:

Remarks:
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Test No.: 19 Date: 3/30/69 Time 1405

Average wind velocity, knots: 3 Wind direction, 240

Maximum wind velocity, knots: 7 Air temperature, OF: 42

Minimum wind velocity, knots: 1 Relative humidity,%: 56
1

Shdttr No.:
A Shook-treated ponderosa pine

Type of boxes: Code: Description:

Conditioning: As received

10.5 8.946Average moisture content ,%: Average weight, kg:

Residual solvent and voiatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.0

Time to reach 2nd level, min: 1.1

Time to reach 3rd level, min: 1.5_

Time to reach 4th level, min: 1.8

Time to reach 5th level, min: 1.9

Shelter No. 2

F Treated southern yellow pine
Type of boxes: Code: Description:

Conditioning: As received

Average moisture content, %: 8.5 Average weight, kg: 12.007
Not determined

Residual solvent and volatiles:

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 _

Time to cessation of flame, min:

Time to conflagration, min: 8.0 _-_

2.8
Time to reach 2nd level, mrin:

5.8
Time to reach 3rd level, min:

7.1
Time to reach 4th level,ra: 7in:
Time to reach 5th level, min: 7.6 -

Remarks:
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Test No.: 20 Date: 3/30/69 Time 1425

Average wind velocity, knots: Wind directiorn, 280
10 A i4ep r a u e2F

Maximum wind velocity, knots: Air temperature, F:2

Minimum wind velocity, knots: 1 Relative humidity, %: 60

Shelter No.: 1

Type of boxes: Code: Description: Treated southern yellow pine

Conditioning: As received

Average moisture content,%: 11.0 Average weight, kg: - 11.726

Residual solvent and volatile%: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0

Time to cessation of flame, min: 3.2

Time to conflagration, min: 4.5

Time to reach 2nd level, min: 3LL-L3

Time to reach 3rd level, min: _._.2_..0.._.

Time to reach 4th level, min: &3.

Time to reach 5th level, min: 4.2
2

Shelter No.
A Shuok-treated ponderosa pine

Type of boxes: Code: Description:

Conditiouing: As received

Average mnisre content, 7: 10.9 Averqe %zight, kg:
Not determined

Residual solvent and volatiles:

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4
2.0

Duration of flame source, m2in:

Time to cessation of flame, min:

Time to conflagration, min: 2.5

Time to reach 2nd level, min: 1.3

Time to reach 3rd level, min: 2.0

Time to reach 4th level, min: 2.3

Time to reach 5th level, min: 2.4

Remarks:
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Test No.: 21 Date: 4/7/69 Time 093

Average wind velocity, knots: 4 Wind direction, • 270

Maximum wind velocity, knots: Air temperature, *F: 58

Minimum wind velocity, knots: Relative humidity, %: 20

Shelter No.: 1

Type of boxes: Code: C Description: Untreated spruce

Conditioning: Coated with intumescent latex paint, flame shield 76 (3/30)

Average moisture content ,%: 8.8 Average weight, kg: 9,39 1

Residual solvent and volatiles: - Not applicable

Trial No. I Trial No. 2* Trial No. 3* Trial No. 4*

Duration of flame source, rini: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 2.0 2.2 16.2

Time to conflagration, min:
Time to reach 2nd level, mmn:

Time to reach 32d level, min:

Time to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce
As received

Conditioning:

Average moisture content, %: - 11 .9 Average weight, kg: 9.436

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4
,' 2.0

Duration of flame source, min: 2

Time to cessation of flame, min:

Time to conflagration, min: 4,0

Time to reach 2nd level, min: .1.

Time to reach 3rd level, min: 3.0

Time to reach 4th level, min: -3.5 __

Time to reach 5th level, min:

Remarks:
* Boxes were removed to shelter 2 after trial No. 1 and set up in reverse position for trials

No. 2, 3, 4, and 5. In trial *No. 5, the duration of the flame source was 2.0 minutes and
the cessation of burning 3.9 minutes.
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Test No.: 22 Date: 4/7/69 Time 1102
6 220

Average wind velocity, knots: Wind direction,

Maximum wind velocity, knots: Air temperature, *F: - 64

Minimum wind velocity, knots: - Relative humidity, %: 21

Shelter No.: I

Type of boxes: Code: A Desription: ,Shook-treatedponderosa Rine

Conditioning: As received .... ......

Average moisture content,%: 9.0 Average weight, kg: 8.983

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min: 2.2 _.

Time to conflagration, min:

Tir'e to reach 2nd level, min: Q.9

Time to reach 3rd level, min: -1.

Time to reach 4th level, nrin: 1.9 L_

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: A Dsrption: Shook-treated ponderosa pine

Conditioning: Coated with intumescent solvent-type paint, flame shield .38 (3/30)

Average moisture content, %: 8.4 Average weight, kg: 9.311
S~Not applicable

Residual solvent and volatiles:

-Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2. 2.0 2,0

Time to cessation of flame, min: 2.5

Time to conflagration, min: 36.5 _

Time to reach 2nd level, min: 1.3 _

Time to reach 3rd level, min: 34.0 _

Time to reach 4th level, min: 5

Time to reach 5th level, min: 36.3

Remarks:
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Test No.: 23 Date: 4/7/69 Time 1317

Average wind velocity, knots: Wind direction, -' 2-

Maximum wind veloity, knots: 13 _. Air temperature, *F:

Minimum wind velocity, knots: 1 Relative humiditY, %:

Shelter No.: 1

Type of boxes: Code: C- Description: Untreated c 'nrung

Conditioning: As receiyed -

Average moisture content,%: . 1 8 Average weight, kg:. 1414

Residual solvent and volatiles: -. Not determined

Trial No. I Trial No. 2 Trial No. 3 Triai No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, mmin:

Time to conflagration, min: 4.9

Time to reach 2nd level, min: 1.6

Time to reach 3rd level, min: 5,7

Time to reach 4th level, min: 4.7

Time to reach 5th level, min: 4.8-

Shelter No.
Type of boxes: Code: C Dsription: Untreated spruce

Conditioning: Sprayed with TCP in hexane

Average moisture content, %: 11.7 Average weight, kg: 9.652

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No, 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 _

Time to cessation of flame, min:

Time to conflagration, min: 2.5

Time to reach 2nd level, min: 1.6 _ _

Time to reach 3rd level, min: 2.0 ,

Time to reach 4th level, min: 2.2 !.

Time to reach 5th level, min: 2.4 _ __ _

Remarks:
7;,
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Test No.: 24 Date: / Time

Average wind velocity, knots: 9 Wind direction, 210

Maximum wind velocity, knots: 15 Air temperature, *F: 67

Minimum wind velocity, knots: -1 Relative humidity, %: 21

Shelter No.: 1

Type of boxes; Code: -- C Description: Untreated spruce

Conditioning: :3-minute Wpodtox din

Average moisture content,%: 10.6 - Average weight, kg: 9 522

Residual solvent and volatiles: 0.69% (sam le from _lid)

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 3.4

Time to reach 2nd level, min: 1.4

Time to reach 3rd level, min: 2.5

Time to reach 4th level, min: 2.

Time to reach 5th level, rin:
Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce

Conditioning: As received

Average moisture content, %: .12.2 Average weight, kg: 9.527
0.32% (sample from lid)

Residual solvent and volatiles:

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame SOurce, nin: 2.0 2.0

Time to cessation of flame, min: 3.6

Time to conflagration, min: 2.9-

Time to reach 2nd level, min: 1.5

Time to reach 3rd level, min: 1.9

Time to reach 4th level, min: 2.4

Time to reach 5th level, mi.- 2-A

Remarks:
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Test No.: 25 Date: 4/7/69 Time 1435
Average wind velocity, knots: 2 - Wind direction, : 21n

Maximum wind velocity, knots: is Air temperature, *F:

Minimum wind velocity, knots: , Relative humidity, %: 21

Shelter No.: 1

Type of boxes: Code: C Description: Untreated Ipruee

Conditioning: 3-minute Woodlife dip

Average moisture content,%: 10.1 Average weight, kg: 9.489

Residual solvent and volatiles: 0.16% (sample from lid)

Trial No. I Trial No. 2 Trial No. 3 Tiial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.2

Time to reach 2nd level, min: 0.8

Time to reach 3rd level, min: 1.4

Time to reach 4th level, min: 1.8

Time to reach 5th level, min: 2,0
S~2

Shelter No.

Type of boxes: Code: C Description: Untreated spruce

Conditioning: 3-minute Woodtox dip

Average moisture content, %: Average weight, kg: 9

Residual solvent and volatiles: 0.48% (sample from lid)

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:
S~2.6

Time to conflagration, min:
Time to reach 2nd level, min: 1.5

Time to reach 3rd level, min: 1.8

Time to reach 4th level, min: 2t0

Time to reach 5th level, min:

Remarks:

Appendix A

75



Test No.: 26 Date: 4/7/69 Time 1 553
Averagc wind velocity, knots: 10 Wind direction, 210

Maximum wind velocity, knots: 17 Air temperature, *F: 7

Minimum wind velocity, knots: - 2 Relative humidity, %: 21

Shelter No.: 1

Type of boxes: Code: C Description: Untreated spruce

Conditioning: As received

Average moisture content,%: 12.5 Average weight, kg: 9.564

Residual solvent and volatiles: - 0.69% (sample from lid)

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.C

Time to cessation of flame, min:

Time to conflagration, min: 2.9

Time to reach 2nd level, min: 0.9

Time to reach 3rd level, min: 1.6

Time to reach 4th level, min: 2.4

Time to reach 5th level, min: 2.7

Shelter No. 2

C Untreated spruce
Type of boxes: Code: Description:

Conditioning: 3-minute Woodlife dip

Average moisture content, %: 10.6 Average weight, kg: 9.443

Residual solvent and volatiles: 0.15% (sample from lid)

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 3.0

Time to reach 2nd level, mrin: 1-0

Time to reach 3rd level, mrin:

Time to reach 4th level, mrin: 27

Time to reach 5th level, min:

Remarks:
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Test No,: 27 Date: -- 4/7/69 .. Time ___1619__

Average wind velocity, knots: 9 Wind direction,

Maximum wind velocity, knots: 15 Air temperature, "F: - -6

Minimum wind velocity, knots: 3 Relative humidity, %:

Shelter No.: 1
Type of boxes: Code: C Description: Untreated sorue

Conditioning: 3-minute Woodtox dip

Average moisture content,%: 10.6 Average weight, kg: - Q.712

Residual solvent and volatiles. - determined

Trial No. I Tral No. 2 Trial No. 3 Trial No. 4

Duration of flanme source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.4 ' __

Time to reach 2nd level, min: 1.2 ._1

Time to reach 3rd level, rain: 1.6

Time to reach 4th level, min: 2.0

Time to reach 5th level, min: 2.2

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce

Conditioning: Diptped for 3-minutes in Woodtox with 25.8% TCP added,

Average moisture content, %: Average weight, kg: 9.489

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0

Time to cessation of flame, min: 17.0

Time to conflagration, min: 2.7

Time to reach 2nd level, min: 1.8

Time to reach 3rd level, min: 21

Time to reach 4th level, min: 2.

Time to reach 5th level, min: 2.5

Remarks:
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Test No.: 28 Date: - 4/8/69 -Time 093b,
b 120

Average wind velocity, knots: Wind direction, 120

Maximum wind velocity, knots: Air temperature, -F: 64

Minimum wind velocity, knots: 1 Relative humidity, %: 29

Shelter No.: 1

Type of boxes: Code: Description: Untreated !ruee
Conditioning:. Dipped for 3 minutes in Woodtox with 25.8% TCP added
Average moisture content,%: 11.5 Average weight, kg: 9.818

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0

Time to cessation of flame, min: 12.2

Time to conflagration, min: 3.3

Time to reach 2nd level, min: 1.5
Time to reach 3rd level, min:

'rime to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2
C Untreated spruce

Type of boxes: Code: Description:

Conditioning: Three-minute Woodtox dip

Average moisture content, %: 10.3 Average weight, kg: 9.586

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.0

Time to reach 2nd level, min:

Time to reach 3rd level, min: 1.6

Time to reach 4th level, min: 1.8

Time to reach 5th level, min:

Remarks:
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Test No,: 29 Date: - 4/8/69 Time 1106
Average wind velocity, knot6: 5 Wind direction, • 150

Maximum wind velocity, knots: 9 Air temperature, •F: 6,7

Minimum wind velocity, knots: 2 Relative humiidity %: 22

Shelter No.: 1

Type of boxes: Code: F Description: Treat ed southern yellow Vine . .

Conditioning: As received

Average moisture content ,%: -_....Average weight, kg: 11.631

Residual solvent and volatijes: - Not deter.inlid.

Trial No. I Trial No. 2 Trial No. 3 Tiial No. 4

Duration of flame source, min: . 2.0
Time to cessation of flame, min: 4.0__

Time to conflagration, min: 13.7

Time to reach 2nd level, min: 1.6

Time to reach 3rd level, min: 11 .6

Time to reach 4th level, min: 12.5

Time to reach 5th level, min: 13.3

Shelter No. 2

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: Sprayed with TCP in perchloroethylene

Average moisture content, %: A10.6 Average weight, kg: 10.615

Residual solvent and volatiles: Not dotermined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0
5.9 3.3

Time to cessation of flame, min: .. 3....
Time to conflagration, min: 14.0

Time to reach 2nd level, min: 1.7

Time to reach 3rd level, min: 10.8

Time to reach 4th level, min: 11.5

Time to reach 5th level, min: ------- 13.0

Remarks:

i
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Test No.: 30 Date: 4/8/69 Time 1335

Average wind velocity, knots: 6 Wind direction, 150

Maximum wind velocity, knots: 10 Air temperature, oF: 71

Minimum wind velocity, knots: 2 Relative humidity, %: 18

Shelter No.:

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: Sprayed with 50% TCP (v/v) in perchloroethylene

Average moisture content,%: 11.4 Average weight, kg: 11,560

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 16.7

Time to reach 2nd level, min: 1.9

Time to reach 3rd level, min: 14.7

Time to reach 4th level, min: 15.7

Time to reach 5th level, min:

Shelter No. 2

Type Jboxes: Code: F Description: Treated southern yellow pine

Conditioning: As received

Average moisture content, %: 9.8 Average weight, kg: 12.170

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 14.5

Time to reach 2nd level, min: 2.8

Time to reach 3rd level, min: 12.3"• ~13.3
Time to reach 4th level, m1in:

Time to reach 5th level, min: 13.8

Remarks:
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Test No.: 31 Date: 4/8/69 Time 1411

Average wind velocity, knots: Wind direction, o1•

8 72
Maximum wind velocity, knots: Air temperature, oF:

Minimum wind velocity, knots: Relative humidity, %: 18
1

Shelter No.:

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: - As received

Average moisture content,%: 9.3 Average weight, kg: 8.550

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min: -

Time to conflagration, min: 2.1 !

Time to reach 2nd level, mia: 1.0

Time to reach 3rd level, min: 1.6

Time to reach 4th level, min: 1.8

Time to reach 5th level, min: .0

Shelter No. 2

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: Sprayed with 50% TCP (v/v) in perchloroethylene

Average moisture content, %: 10.3 Average weight, kg: 9.355

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 ____

Time to cessation of flame, min:

Time to conflagration, min: 8.7

Time to reach 2nd level, min:

Time to reach 3rd level, min: 7

Time to reach 4th level, mrin: 8.3
Time to reach 5th level, min. -8.5

Remarks:
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Test No.: 32 Date: 4/8/69 Time 1500

Average wind velocity, knots: 7 Wind direction, 1§0

Maximum wind velocity, knots: 9 Air temperature, *F: 74

Minimum wind velocity, knots: Relative humidity, %: 8

"Shelter No.:

Type of boxes: Code: A Description: Shook.treated oonderosa oine

Conditioning: Sprayed with 50% TCP (v/v) in perchloroethylene
9.7 9.020Average moisture content,%: Average weight, kg:

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.6

Time to reach 2nd level, mrin: 1.

Time to reach 3rd level, min: 1.8

Time to reach 4th level, min: 1.8

Time to reach 5th level, min: 2.0

Shelter No. 2

Type of boxes: Code: A Description: Shook-treated ponderosa pine

#onditioning: As received
Average moisture content, %: 9.6 Average weight,kg: 8.914

Residual solvent and volatiles: 0.32% (sample from lid)

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 1.8

Time to cessation of flame, min:

Time to conflagration, min: 2.0

Time to reach 2nd level, min: 1.0

Time to reach 3rd level, min: 1.4

Time to reach 4th level, mmi: 1.5

Time to reach 5th level, min:

Remarks:
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Test No.: :: Date: 4/8/69 Time 1521-1545

Average wind velocity, knots: 4 Wind direction, 1.40

Maximum wind velocity, knots:. 8 Air temperature, *F: 73

Minimum wind velocity, knots: 1 Relative humidity, %: - 20
1p

Shelter No.: 1

Type of boxes: Code: A Description: Shook-treated ponderosa P

Conditioning: As received

Average moisture content ,%: 9.8 Average weight, kg: 8.984

Residual solvent and volatiles: - 0.28% (sample from lid)

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 1.8

Time to reach 2nd level, min: --

Time to reach 3rd level, mmin:

Time to reach 4th level, min: 1,5

Time to reach 5th level, min: 1,6.____

Shelter No. 2

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: - Dipped for 3 minutes in Woodlife preservative solution

Average moisture content, %:- 10.6 Average weight, kg: 12.310

Residual solvent and volatiles: 0.28% (sample from lid)

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0
i 16.0

Time to cessation of flame, min:

Time to conflagration, min: 3,5

Time to reach 2nd level, min: 1.8

Time to reach 3rd level, min: 2.6

Time to reach 4th level, mrin: 30

Time to reach 5th level, min: 3.1

Remarks:
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Test No.: Date: 4/8/69

Average wind velocity, knots: 4 Wind direction, 150

Maximum wind velocity, knots: 6 Air temperature, F: 73

Minimum wind velocity, knots: 1 Relative humidity, %: 20

1
Shelter No.: -

F Treated southern yellow pn
Type of boxes: Code: Description: utine

Conditioning: Dipped for 3 minutes in Woodlife preservative solution

Average moisture content,%: 11.9 Average weight, kg: 12.374

Residual solvent and volatiles: 0.29% (sample from lid)

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 4.1

Time to reach 2nd level, min: 1.3

Time to reach 3rd level, min:

Time to reach 4th level, min: 3.8

Time to reach 5th level, miii: 3.9
2

Shelter No.
A Shook-treated ponderosa pine

Type of boxes: Code: Description:
As received

Conditioning:

Average moisture content, %: 9 Average weight, kg:
Not determined

Residual solvent and volatiles:

Trial No. I Trial No. 2 Tria! No. 3 Trial No. 4
2.0

Duration of flame source, min:

Time to cessation of flame, min:

Time to conflagration, mrin: 2.3

Time to reach 2nd level, mrin: 0.8

Time to reach 3rd level, min: 1.5

Time to reach 4th level, mrin: 1.8

Time to reach 5th level, min: 2.0

Remarks:
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Test No.: 35 Date: 4/10/69 Time 0934

Average wind velocity, knots: 10 Wind direction, 330

1.6 57
Maximumi wind velocity, knots: .. Air temperature, F:

Minimum wind velocity,knots: Relative humidity,%: 40

Shelter No.: 1
F Treated scuthern yellow in

"lype of boxes: Code: Description:
As received

Conditioning:

Average moisture content,%i: 14,2 Average weight, kg:

Residual solvent and volatiles: 0.05% (sample from lid) _

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4 *

D)uration of flame source, min: 2.0 2.0

3.2 2.3 2.1 3.U
Time to cessation of flame, m3in:

Time to conflagration, rini: ._

Time to reach 2nd level, mrin: - _ __

Time to reach 3rd level, min:

Time to reach 4th level, mhm:

'Time to reach 5th level, mrin:
2

Shelter No.

F Treated southern yellow pineType of boxes: Code: -Description:

Conditioning: Dipped for 3 minutes ir Woodtox preservative solution on 9 April.

Average moisture content, %: 11.4 Average weight, kg: 11.819

Residual solvent and volatiles: - 3".48% (sample from lid)

"I rial No. 1 Trial No. 2 Trial No. 3 Trial No. 4 * *

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 4.1 3.9 2.3 3.8

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

'rime to reach 4th level, min:

Time to reach 5th level, min: .....

Remarks:
* On 11 April were retested with box pile reversed; on first (No. 5) trial flame ceased at

3.3 minutes and on second trial conflagration was obtained at 16.8 minutes.

** On 11 April were retested with box pile reversed; on first (No. 5) trial flame ceared at
S3.1.minutes artd on seccnd trial conflagration was obtained at 6.0 minutes.S~AppendtX A
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Test No.: 36 Date: 4/11- --.. Time.118.114.

Average wind velocity, knots: Wind direction, 360
18 59

Maximum wind velocity, knots: - Air temperature, *F:

Minimum wind velocity, knots: Relative humidity, %:

Shflter No.: 1
F Treaedsuthrnyllowpin

Type of boxes. Code: Description: Treated southern vellow pine

Conditirnning: - .ipped for 3 minutes in Woodtox preservative solution on 4/10

Average moisture content,%: - 2.2 Average weight, kg: -- 11.922 2

Residual solvent and volatiles: 0.22% (sample from lid

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

2.0 2.0 2.0 .Duration of flame source, rin: 2._.020__,

Time to cessation offlarne, min: 2.3 2.8 4.1

Time to conflagration, min:

Time to reach 2nd level, min:

Timo to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: F Description: Treated southern yellow pine

Conditioning: As received

Average moisture content,%: - 14.1 Average weight, kg: - 11.877

Residual solvent and volatiles: 0.07% (sample from lid)

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0

Time to cessation of flame, min: 3.1

Time to conflagration, min: 17.3

Time to reach 2nd level, min: 2.0

Time to reach 3rd level, min: 14.5

Time to reach 4th level, min: 160

Time to reach 5th level, min: 16-8

Remarks:
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Test No.: 37 Date: 4/13/69 Time 0829

Average wind velocity, knots: Wind direction,

Maximum wind velocity, knots: Air temperature, *F: 52

Minimum wind velocity, knots: - Relative humidity, %: 50

1
Shelter No.:

A Shook-treated ponderosa pine --
Type of boxes: Cede: Description:

Conditioning: One, coat of fire-retardant latex paint (MS) applied 4/11 and dried overnight at 1.550F.

Average moisture content,%: < 7 Average weight, kg: 8,794

Residual solvent and volatiles: .Not aplicable

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 2.5 2.1 2-52.32.5

Time to conflagration, min:
Time to reach 2nd level, mA. . 1_ _

Time to reach 3rd level, mrin:

Time to reach 4th level, min:

Time to reach 5th level, mrin:

Shelter No. 2

Type of boxes: Code: A Description: Treated ponderosa pine

Conditioning: One coat of white epoxy paint (B) applied 4/11 and dried overniaht at 1550F.

Average moisture content, %: - 7.2 Average weight, kg: 8,703

Residual solvent and volatiles: Not applicable

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 1.3

Time to cessation of flame, min:

Time to conflagration, min: 1.3

Time to reach 2nd level, min: 0.810.1

Time to reach 3rd level, min: 1.1

Time to reach 4th level, min: 1.3

Time to reach 5th level, min: 1.3

Remarks:

* For 5th trial the bottom two boxes were removed and replaced by two boxes from shelter

No. 2, which readily ignited, and the pile was in conflagration in 3.5 minutes.
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Test No.: 38 Date: 4/13/69 Time 0926

Average wind velocity, knots: Wind direction,

Maximum wind velocity, knots: Air temperature, -F: 56

Minimum wind velocity, knots: - Relative humidity, %:

Shelter No.: 1
A Shook-treatad pandarosa .ninp

Type of boxes: Code: Description:

Conditioning. One coat of green epoxy paint (B) applied 4/12 and dried overnight at 155 0F.

Average moisture content,%: 8.4 Average weight, kg: 8.783

Residual solvent and volatiles: Not applicable

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 1.0

Time to cessation of flame, min:
1.0

Time to conflagration, min:
0.6Time to reach 2nd level, min:
10.8

Time to reach 4th level, min:

Time to reach 5th level, min: 1 _0

2
Shelter No.

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: One of latex fire-retardant paint (MS) applied 4/11 and dried overnight at 155 0F
____7_____8.475

Average moisture content, %: <7 Average weight, kg:

Residual solvent and volatiles: Not applicable

Trial No. I * Trial No. 2 Trial No. 3 Trial No. 4 **

Duration of flame source, mn: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 10.2 4.7 2.3 7.6

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min: ------

Remarks:• In trial No. 1, a small flame was observed, on one bottom box, at a location where sap was oozing. The
small flame continued for the 10 minutes recorded. The same spot was responsible for the flame times
recorded in the trials 2 and 4.

•* For the 5th and 6th trial ignition was by napalm placed on the 2nd and 3rd layers of boxes, respectively. In
the 5th trial the flame ceased after 4.6 minutes, and in the 6th trial moderate burning of the pole was evident
after 15 minutes, and the test was ended.
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Test No.: 39 Date: 4/13/69 Time- 1043

Average wind velocity, knots: Wind direction,

Maximum wind velocity, knots: Air temperature, -F: 59

Minimum wind velocity, knots: Relative humidity, %: 30

Shelter No.:

Type of boxes: Code: C Description: Untreated spruce

Conditioning: One coat of fire-retardant latex paint applied 4/11 and dried overnight at 155 0 F.

Average moisture content,%: 7.9 Average weight, kg: 9.169

Residual solvent and volatiles: Not applicable

Trial No, I Trial No. 2 Trial No. 3 Trial No. 4 *

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 15.0 5.1 2.2 2.1

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: - Sprayed intermittently with water over a 2-day period

Average moisture content, %: 14.9 Average weight, kg: 9.500

Residual solvent and volatiles: Not determined

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4 *

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 2.8 6.0 4.0 2.3

Time to conflagration, min:

Time to reach 2nd level, min: 1.3

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min:

Remarks:
• About 110 cc of napalm was placed on the second layer of boxes and ignited for the 5th

trials. A conflagration occurred in 3.0 minutes with the boxes in Shelter No. 2 (wet) and
there was moderate burning of the boxes in Shelter No. 1 (painted) within a few minutes.
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Test No.: 40 Date: 4/13/69 Time 1206
Average wind velocity, knots: Wind direction,
Maximum wind velocity, knots: Air temperature, *F: 62
Minimum wind velocity, knots: -.. . Relative humidity, %: 26

Shelter No.: 1
Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: Sprayed intermittently with water over a 2-day period

Average moisture content,%: 11.3 Average weight, kg: 9.150

Residual solvent and volatiles: - Not determined

Trial No. I Triai No. 2 Trial No. 3 Trial No. 4
Duration of flame source, min: 2.0

Time to cessation of flame, mrin:
Time to conflagration, min: 10.3

Time to reach 2nd level, min: 1.-_,_

Time to reach 3rd level, min:

Time to reach 4th level, nin: 9-9

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce
Conditioning: One coat of fire-retardant latex paint (MS) applied 4/11 and dried overnight at 155 0 F.

Average moisture content, %: ,Q7 Average weight, kg: 9.833

Residual solvent and volatiles: -Not applicable

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4 *
Duration of flame source, min: 2.0 2.0 2.0 2.0
Time to cessation of flame, mvm: 2.0 2.7 3.0 2.0

Time to conflagiation, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:
Time to reach 5th level, min: -------.

Remarks:
• For 5th trial, about 20 cc of napalm was placed on 7-rd layer of boxes and ignited. All flame,

ceased at 4.0 minutes. For 6th trial, about 50 cc of napalm was placed on 3rd layer (other end
of boxes) and ignited. In 22 minutes boxes were burning at a moderate rate.
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Test No,: 41 Date: 4/29/69 Time 1040

Average wind velocity, knots: 8 Wind direction, 210

Maximum wind velocity, knots: Air temperature, F: 77

Minimum wind velocity, knots: - Relative humidity, %: 48

Shelter No.: - 1

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: Two coats (4/22 and 4/26) MIL-P-52024B paint

Average moisture content,%: 8.1 Average weight, kg: 9.190

Residual solvent and volatiles: -Not applicable

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0

Time to cessation of flame, mi: 2.4* 2.2 2.2 4.7
Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min: 1.3

Time to reach 4th level, min: 1.3

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: FR Description: •Treated southern yel~low pine (reused'l

Conditioning: Water sprayed and stored overnight at 113"F and 85% RH.

Average moisture content,%: 16.4 Average weight,kg: 1192.6
!Residual solvent and vcolatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 2.0
Time to cessation of flame, mini: __,5__ 2.3 3.5 2.2

Time to conflagration, min:

Time to reach 2nd level, min:
Time to reach 3rd level, mai:

: ~Time to reach 3rd level, rain:
Time to reach 4th level, min:

Time to reach 5th level, mim: -___ -_-_-_-_-

Remarks:
* Cleat on box in position 3 (2nd level) smouldered for about 20 minutes in trial No. 1.
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Test No.: 42 Date: 4/29/69 Time 1334

Average wind velocity, knots: 1 Wind direction, " 210

Maximum wind velocity, knots: Air temperature, "F: 83

Minimum wind velocity, knots: Relative humidity, %: 40

Shelter No.: 1

Type of boxes: Code: FR Description: Treated southern yellow pine (reused) .

Conditioning: Water snraved and stored overnight at 1130F and 85% RH.

Average moisture content ,%: 18-4 Average weight, kg: 12.131

Residual solvent and volatiles: Not determined

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0

Time to cessation of flame, min: 2.1 3.6

Time to conflagration, Min: 15.3

Time to reach 2nd level, min: 1.5 3.5

Time to reach 3rd level, min: 10.6

Time to reach 4th level, min: 13.8

Time to reach 5th level, min: 15.1

Shelter No. 2

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: Two coats (4/22 and 4/26) MIL-P-52024B paint

Average moisture content, %: 8.5 Average weight, kg: 8.918
Not applicable

Residual solvent and volatiles:

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, min: 2.4 2., 2.2 2.0

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min: ------

Remarks:

Appendix A

92

-!fii



Test No.: 43 Date: 5/5/69 Time 1300-1315

Average wind velocity, knots: 2 Wind direction, o • 10

Maximum wind velocity, knots: 3; -- Air temperature, *F:

Minimum wind velocity, knots: Relative humidity, %: 22

Shelter No.: 1

Type of boxes: Code: A Description: Shook-treated Ponderosa pine

Conditioning: One coat MIL-P.52024B paint (applied 4/29)

Average moisture content,%: 8.5 Average weight, kg: 9.139

Residual solvent and volatiles: Not applicable

"Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0

Time to cessation of flame, min:

Time to conflagration, min: 2.1
Time to reach 2nd level, min: 1.1

Time to reach 3rd level, min: 1.3

Time to reach 4th level, min: 1.6

Time to reach 5th level, rini: 1.7

Shelter No. 2

Type of boxes: Code: A Description: Shook-treated ponderosa pine

Conditioning: One coat MIL-P-52024B paint (applied 4/29)

Average moisture content, %: 9.7 Average weight, kg: 9.292

Residual solvent and volatiles: Not applicalbe

STrial No. I Trial No. 2 Trial No. 3 Trial No. 4

2.0 __ _Duration of flame source, min:

Time to cessation of flame, min:

Time to conflagration, min: 2.2

Time to reach 2nd level, min:

Time to reach 3rd level, min: 1.3

Time to reach 4th level, min: 2.0

Time to reach 5th level, min: 2.1

Remarks:
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Test No.: 44 Date: 5/26/69 Time 1016-1140

Average wind velocity, knots: 6 Wind direction, : 030-360

Maximum wind velocity, knots: 12 Air temperature, -F: . .62

Minimum wind velocity, knots: 0 Relative humidity, %:

Shelter No.: I

Type of boxes: Code: Description: U ntreated spruce

Conditioning: One coat MIL-C-46081 epoxy intumescent paint applied 5/20

Average moisture content,%: 9.4 Average weight, kg: 9.320

Residual solvent and volatiles: Not applicable

Trial No. 1 Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 .0

Time to cessation of flame, min: 2.1 2.2 2.5 4.6

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce

Conditioning: Two coats MIL-C-46081 paint applied 5/20 and 5/21

Average moisture content, %: 8.6 Average weight, kg: 9.854

Residual solvent and volatiles: Not applicalbe

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, inin: 2.0 2.4 2.3 2.3

Time to conflagration, min:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, mrin: -----

Remarks:
All burning subsequent to the removal of the flame source was apparently due to sap

driven from the wood.

To derive additional data, the order of the boxes on each stack was reversed after trial
Ijo. 4,,4nc the test repeated. See data for test No 44A.•t ~AppendixA
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Test No.: 44A Date: 5/26/69 Timc 1016-1140

Average wind velocity, knots: Wind direction, • '

Maximum wind velocity, knots: Air temperature, *F:

Minimum wind velocity, knots: Relative humidity, %:

Shelter No.:

Type of boxes. Code: C Description:- Untreated spruce, test No. 44 continued

Conditioning: One coat MIL-C-46081 paint

Average moistdre content ,%: Average weight, kg:

Residual solvent and volatiles:

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4

Duration of flame source, min: 2.0 2.0 2.0 2.0

Time to cessation of flame, mrin: 2 4.0 4.8 2.0

Time to conflagration, mrin:

Time to reach 2nd level, min:

Time to reach 3rd level, min:

Time to reach 4th level, min:

Time to reach 5th level, min:

Shelter No. 2

Type of boxes: Code: C Description: Untreated spruce, test No 44 continued

Conditioning: Two coats MIL-C-46081 paint

Average moisture content, %: Average weight, kg:

Residual solvent and volatiles:

Trial No. I Trial No. 2 Trial No. 3 Trial No. 4
2.0 2.0 2.0 2.0

Duration of flame source, min:

Time to cessation of flame, min: 2.1 2.3 4. 2.3

"Iime to conflagration, min:

Time to reach 2nd level, mill:

Time to reach 3rd level, mir:

Time to reach 4th level, n'ir,:

Time to reach 5th level, mitt: - --

Remarks:
After the eighth attempt to ignite the boxes (Trial 4 of Test 44A), the bottom two boxes

of each stack were replaced with boxes coated with epoxy paint which was not intumescent.
In shelter 1, conflagration was achieved within the 2 minutes after the flame source was
initiated. In shelter 2, the ignition source had to be applied twice before conflagration was

achieved. In the first attempt, the time to cessation of flame was 6.8 minutes. In the second
attempt, the time to co;iflagration was 7.8 minutes.
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APPENDIX B~

INDIVIDUAL -BOX WEIGHTS AND MOISTURE CONTENTS
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APPENDIX C

METHOD USED TO DETERMINE RESIDUAL SOLVENT

AND VOLATILE ORGANICS

A. Determination of Solvent in Treated Wood.

Prepare the apparatus as shown in figure C-i. Place dry
ice and acetone in first Dewar Flask and liquid nitrogen in the second
Dewar Flask.

Weigh a 25- to 50-gram sample (in one to five pieces) into
the vacuum desiccator. Heat for 5 hours at 1280 to 130 0 C under vacuum.
Check for possible freezing of the traps three times during the course
of the 5-hour run by momentarily opening the stopcock before the
desiccator. If the system is frozen, remove the traps, allow them to
warm up almost to room temperature, and immediately reconnect the
system.

At the end of the 5-hour run, remove the traps, and allow
them to warm up almost to room temperature. Immediately decant
the liquid (mostly water) from the two traps into one 100-ml separatory
funnel, wash the two traps with a total of about 30 ml of methyleae
chloride and decant the washings into the separatory funnel. Stopper
the separatory funnel, shake for 2 minutes, allow the layers to settle
for about 1 minute, and decant the methylene chloride (lower layer)
into a clean dry 50-ml volumetric flask. Extract with a second portion
(15 ml) of methylene chloride and combine with the first extract in the
volumetric flask. Dilute to the mark with methylene chloride and shake.

Inject a 5-ml portion of the methylene chloride solution into
a gas chromatograph containing an Apiezon L column. The following
conditions are recommended using the Hewlett-Packard model 5750 gas
chromatograph: stainless steel dual columns (6 feet by 1/8 inch) con-
taining 5 percent Apiezon L on 80 to 100 mesh Distoport S; programmed

0 0temperature from 100 to 250 C at 40 C per minute; flame detector;
injection port temperature 2750C; detector temperature 275 C; range 10
and attenuation, variable.

Run a blank determination with 5 ml of methylene ch]loride.

Determine the total area under all the peaks except the
peaks due to methylene chloride by use of a planimeter. Convert these
total areas to an attenuation of 1 by multiplying by the attenuation used

185



for the run. Calculate a factor (grams of solvent per square inch at
attenuation of 1) by use of 5 ml of a standard solvent solution in
methylene chloride. The solvent should be of the same type as was

used in the wood treating process. This laboratory, for example,
used a solution containing approximately Z. 0 grams of AMSCO mineral
spirits (weighed to 0. 1 mg) per 50 ml of methylene chloride. Calculate
the percent solvent in the wood as follows:

%s tin woodfactor X area (at attenuation of 100

solvent n d grams of wood

Iii
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B. Typical Chromatograms of Solvent and Volatile Fractions
From Boxes.

I K1  ' !

Figure C-2. Chromatogram of Mineral Spirits Solvent. Attenuation
was 16X. Large Peak on Left is Due to Methylene

Chlo ride
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is

Figure C-3A. Chromatogram of Sample From Test 26-1;
Untreated Spruce, Code C, as Received. Attenua- I
tion was 16. Residual Solvent and Volatile Content

was 0. 69 Percent

I,
t

Figure C-3B. Chromatogram of Sample From Test 26-2;

Untreated Spruce, Code C. Freshly Dipped in
Preservative Solution. Attenuation was 2.

Residual Solvent and Volatile Content was
0. 15 Percent
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Figure C-4A. Chromatogram of Sample From Test 35-1;
Treated Southern Yellow Pine as Received,
Code F., Attenuation was 1. Residual Sol-
vent and Volatile Content was 0. 05 Percent

Fi

Figure C-4B. Chromatogram of Sample From Test 33-2;
Treated Southern Yellow Pine Freshly Re-
dipped in Preservative Solution. Attenuation
was 2. Residual Solvent and Volatile Content

was 0. 28 Percent
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C ,0 APPX NDIX 1)

P
Y ANALYSIS OF MIL-B-52024B PAINT

TEST REPORT

COATING AND CHEMICAL LABORATORY
ABERDEEN PROVING GROUND, MARYLAND

LABORATORY R±2PORT OF TESTS ON MILITARY SPECIFICATION MIL-P-52024B
-(MR) PAINT FIE RETARDANT, OLIVF, DRAB (FOR WOODEN CRATES)

SUBMITTED BY: BERKELY PRODUCTS REPORT NO: 27, 116
Euphrata, Pa

PURPOSE OF TEST: SURVEILLANCE SIZE OF SAMPLE: I at

RECOMMENDATION: Fire Retardancy-Satisfactory MFG. CODE NO:
DOES NOT MEET SPEC. REQUIREMENTS

COMPOSITION ANALYSIS REQUIRED
1. Total solids, 6/ by weight of paint 68 67 Min.

. gent X' weight of paint . 44 4Z
74. Vehicle solids, % by weight of pai4t .Z4 Min.

VEHICLE SOLIDS COMPOSITION
4. Chlorinated Dibasic acid, % by'weight of vehicle

solids Ne.4b_ Min.
5. Chlorine, % by weight of vehicle solids 41 Z3 Min.
b. Oil acids7o by weight of vehicle solids 41

17. Rosin Pos. Negative
8. Phenolic resins Neg. Negative

PIGMENT COMPOSITION
9. Antimony Trioxideb1s,Oiq) 76 by weight of pigment Neg. 7 Mr.

1 0. Total lead (as PbSO4 ), c/ by weight of pigmerit 38 22 Min.
11. Chromium (as PbCrO, % by weight of pigment 11 13 Min.

13.
14.
15.
16.
17.

QUANTITATIVE PROPERTIES DETERMINED REQUIRED
18. Specular Gloss, 0" Under 1 6 M__x_ .
19. Fineness of grind 4 4 Min.
Z0. Coarse particles & skins, % by weight of pigment Under 1. 0 1. 0 Max.
1Z. Water, by weigh of paint n1.0 Max.
22. Consistency (packae) K. U. 72 67- 77
23. Drying, set to touch, minutes Under 30 0'Max.
"24. Drying, hard, hours 8 Max.
25. Hiding power 1.0 0.9. 9Min.
26. T-ire retardancy, burn index 47 48 Max.

27.
28. _
29. ,.. . .,
30.

31. _"_ _ __ _ _ _ _-__ _ _

ORDBG Form 2100-(R)
2 Jul 57 I

I19 1l _



QUALITATIVE PROPERTIES RESULTS PARAGRAPH
33. Color (1) Fail 3.4.1
34. Condition in container Satis 3.4.2
35. Storage stabiity .... In Progress 3.4.3
36. Dilution stability Satis 3.4.4
37.Bhin proerties Brush -Sais 3.4._5

._prayng propeSatis 3.4. 6
39. Adhesion -Satis 3.4.7
40._FleibiIty _ Satis 3.4. 8
41. Weather resistanct. In Progress 3.4.9
42. Acceler'ated weathlrintig 3.4. 10

(a) Chalking Satis
(b) Color chanlze .... Satis

(cl Film deterioration Satis
43. Water resistance (21 Fails 3,4.11
44. ToxicitySaris 3.4.12

45. Remarks:

(1) Fails - Color is too dark and too blue
(2) Fails - Poor adhesion after immersion in water

Vehicle Solids + Pigment Composition do not meet the requirements of the
Specification

Item 26. 17.2 Average loss of weight (%)
23.9 Char length
39.4 Flame spread

3180.5
26.8 27

!e

TESTED BY: DATE CHECKED BY: DATE APPROVED BY: DATE

I/iC. W. Preston
K. Smith 5-19-69 I/t/C. W. Preston 6-19-69

ORDBG Form 2100a-(R)
2 Jul 57
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CHEMJCAL REPORT

RECEIVAL NUMBER 27116 COLOR OD DATE 5/19

SPECIFICATION 52024 TYPE Fire rut. W.0.

TEST REQUIRE-
RESULTS MENT

TCOTAL PAINT SOLIDS 67.6 67
PIGMENT 43.7 42
ASH
COARSE PARTICLES
WATER

VEHICLE SOLIDS 42. 5 43.1
PHTHALIC ANHYDRIDEr

Chlorinated ROSINp
paraffin PHENOL - Ls-

with OIL ACIDS spec. method 40. 5% 44
akdU NSAF'ONIFIABLE "

alkyd ACID NUMBER N=
resin IODINE NUMBER_

NITROCELLULOSE
SATURATED ACIDS

FISH OILS _____

AMINE NITROGEN
EPOXY RESIN
CHLORENDIC ACID " none
CHLORINE e "06,77 Z3
SILICA
VINYL RESIN
NITROGEN RESIN

VOLATILE ESTERS
KE TONES

PIGMENT FERRIC OXIDE
MAGNETIC IRON nXIDE
CHROMIUM TRIOXIDE
ZINC CHROMATE

(see sheet) LEAD CHROMATE Method 7111 0T,9 13
TOTAL LEAD aB PbSO 4 38.4 _ _

RED LEAD_
TITANIUM DIOXIDE
ZINC OXIDE_
BASIC LEAD SILICO CHROMATE
ACID INSOLUB9LE
ASH
TOLUIDINE
WHITE LEAD
ANTIMONY TRIOXIDE none - . U min.[

-- Z-AUIUM OXIDE.(in aci, solubl
AMVXCC Form IU~bT7TS-TT7Kepl AMXC; Formn 18-() 7 'a -3
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DOCUMENT CONTROL DATA• R & D
(Security classlfcation of litle, body f abstralct and indexinhf annotl•tion must be etoered when lthe overall reptor t. classified)

ORIr.INA TING ACTIVITY (Corporate *ufhfn) 2.1 REI9ORT S'ECUnITY CLASSIPICATION

CO, Edgcwood Arsenal UNCLASSIFIED
ATTN: SMUEA-TSFE 26. 8I40UP

Edgewood Arsenal, Maryland 21010 NA
" REPORT TITLE

FIRE TESTS OF PRESERVATIVE-TREATED WOODEN
PACKING BOXES USED FOR. 105-MM AMMUNITrION

4, OKSC RIPTIVE NOTES (Type of repott and inclusive da•e*)

The work was started in March and completed in May 1969.
I. AUTNORIS) (FirIst nme, midd-le initial. last name)

Norman Reich and Leonard Teitell

4. REPORT OATE I&. TOTAL NO. OF PAGCS |b. No. Or REFS

April 1970 208I 19
"a. TON TRACT On GRANT NO. *0. ORIGINATORIs REPORII s4UMSIERIS

b. .oJECTi NO.EATR 4365, FA R-1947

NONE
C. Sb. OTHER REPORT NOIsI (Any other numbore, thatmay be seslie.d

thli report)

d. NA
10. OISTRIBUTION STATEMENT

Each transmittal of this document outside the agencies of the US Government must
have prior approval of the Commanding Officer, Edgewood Arsenal, ATTN: SMUEA-
TSTI-T, Edgewood Arsenal, Maryland 21010.

II. SUPPLEMENTARY NOTES f12. SPONSORING MILITARY ACTIVITY

13. A88TRACT (U) Thla report covers an investigation to compare the fire hazards of un-
treated and preservative-treated wooden packing boxes used for ammunition. Based
on test results, it is concluded that: The water-repellent, wood-preservative treat- k
ment, specified in MIL-B-2427D for application to wooden packing boxes used for
ammunition, does not increase the flammabi'lty of the wood. Boxes constructed of
ponderosa pine constitute more of a fire hazardthan boxes constructed of southern
yellow pine. The fire hazard of the packing boxes is dependent upon the moisture
content of the wood, and the water repellent part of the treatment may keep the wood
drier, lighter in weight, and somewhat more flammable when subjected to inter-
mittent rain showers. Flammability of the boxes is also affected by the amount of
organic volatiles present, including the solvent of the preservative solution until it
finally evaporates, which occurs at a rate dependent upon the temperature and
amount of ventilation; however, during the treating process, the solvent of the
preservative solution extracts some of the naturally occurring volatiles in the wood,
thus lowering the fire hazard. The fire hazard of the preservative-treated packing
boxes can be considerably reduced by applying an adequate thickness of fire-
retardant paint coating to the exterior surfaces.
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KE iSLINK A LINK a LINIK C

ROLE WrT OLN i OLE WT K1

Fi rv test

Flammability rating
Wooden packing box
M105AZ packing box
Pi re- retardant coating

Idtume•'cent paintSokithern yellow pine

AngClmann sprucet!
lPondtvrosa pine
105-mm howitzer ammunition

Wood preservative treatment
Federal Specification TT-W-57;
Military Specification MIL-B-2727D
Military Specification MIL-C-46081
Military Specification MIL-P-52024B
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